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JOURNAL OF ANATOMY 


THE INTERNAL MAMMARY LYMPHATIC GLANDS. By E. Paiuie 
StT1BBE, Demonstrator of Anatomy, University of Durham College 
of Medicine. 


THIS investigation was undertaken at the suggestion of Mr Sampson 
Handley, who speculated on the possibility of removing the internal 


Internal mammary artery. 
Internal mammary vein. 


Cut edges of costo-sternal fascia. 


Cut edges of transversus 
thoracis muscle. 


Fic. 1.—Exposure of internal mammary lymphatic glands from behind. 


mammary glands in cases of carcinoma mamme, especially where the inner 

part of the breast is affected, and these glands therefore the more likely to 

be involved; it has long been accepted that their afferents include vessels 

from the inner third of the breast. Being led by this speculation to “look 

up” the subject, I was unable to find full information as to numbers, 
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position, or accessibility. I have therefore examined the glands in a series 
of sixty | subjects, with a view to ascertaining— 


(1) Whether they are comparatively constant 
(a) in number, 
(b) in position. 
(2) Whether they would be readily and safely accessible in the course 
of breast-removals. 


The method consists in simple dissection, without any preparation of 
the part. In a few subjects the dissection was done from the front; the 
intercostal spaces were first examined, and then the costal cartilages were 
removed, to see if any glands lay directly behind them. 

In most subjects the dissection was done from behind, on that 
portion of the chest-wall which is removed from the body in post-mortem 
examinations; this piece was so removed as to leave one or two 
inches of the intercostal spaces lateral to the internal mammary vessels 
(fig. 1). 

In every subject the internal mammary vessels were examined from the 
level of the upper border of the first rib, down to their point of division 
behind the sixth costal cartilage. The majority of the glands are large, 
dark, and firm; where they were small, pink, and soft it was still easy 
to pick them out of the bright and very soft fat in which they are 
embedded. _ 


TABLE OF NUMBER OF GLANDS IN EACH SPACE. 
































—_. | One gland, Two glands, More than two, 
Space. | | 
Total, | Per cent. ‘ot Per cent. | Total. | Per cent. | Total. | Per cent, 
| 
| 
Roo Soe ee eet ee ee Be 6 | 5 
Second . ; ‘ 3 2 Be ee 76 24 20 2 2 
Third . ; ; ‘ 21 18 | 75 62 19 16 5 4 
Fourth ; . | 109 91 | 113 9 ee ae we 
Sa: 88 | 15 12 
Sixth (or behind sixth 
cartilage). . .| 45 ee ee 
| | 








1 The original intention was to dissect a hundred subjects, but pressure of war work 
has made this impossible. The conditions found have been sutliciently constant to justify 
fairly reliable conclusions ; I do not anticipate that these will require modification when 
the series is completed. 

2 Only three of these were in adults. 
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SuMMARY OF TABLE. 


First space ; ; F ; ; . one or two glands in 110 cases=91 per cent. 
Second space. - . : : p ie i iS). = 
Third space : : ; ; : : re zo SG... ae & 
Fourth space. : . : : . no gland in 160", we ,, 
Fifth space - : y : F ; - 106. = G8... 
Sixth space 2 : ‘ ‘ ; . one gland in 75 , =62 ,, 
Gland at bifurcation of vessels in either fifth or sixth spacein . 90 ,, =75 ,, 


ToraL NUMBER OF GLANDS. 


The average total number of glands on the two sides is 8°5; that is, the 
average or typical case has four glands on each side, or four on one side 
and five on the other (fig. 2). These are one in each of the first three 
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The Internal Mammary Lymphatic Glands 


Fic. 2.—Internal mammary lymphatic glands of a female, aged 47. 





spaces on each side, one in the fifth or sixth space at the bifurcation of the 
vessels, with an extra gland in one of the upper spaces. 
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VARIATION ACCORDING TO AGE (figs. 2, 3, 4). 


The number of glands diminishes with increasing years. 


Average total number in infancy ; . 11-4 glands 
» . age 20 to 50 . ne, wee 
% : 0) ey OO ; 5 at 
» » 60 70 . ; ate. Sea 
z aA , over 70. . . 66 . 


VARIATION ACCORDING TO SEX. 


About one-third of the subjects were females: they did not show any 
definite variation as compared with male subjects. 


POSITION OF GLANDS RELATIVE TO THE VESSELS. 


The characteristic arrangement is that shown in fig. 1. . Considering 
individual spaces, the position of the glands is constant in over three- 
quarters of the cases; taking all the spaces together, however, considerably 
more than half the subjects show a variation. 


TABLE OF POSITION RELATIVE TO VESSELS IN INDIVIDUAL SPACES. 


First Space——Gland or glands medial to vessels in 105 =88 per cent. 
Second ” » ” ” ” ” 91 = 76 ” 
Third _,, i 7 lateral _,, . 95=79 


Below the third space no gland was found medial to the vessels. 


POSITION IN THE CHEST-WALL (fig. 5). 


The glands always lie in front of or on a. plane anterio® to the internal 
mammary vessels,.The latter in the upper spaces lie at.a considerable 
depth; they are embedded in soft fat, a thick pad of which intervenes 
between the vessels and the internal intercostal muscle. The lymphatic 
glands are ‘embedded in ‘this: intervening fat. 


RELATION TO CosTAL CARTILAGES. . 


Excluding the gland at the bifurcation of the vessels, not one gland was 
found entirely hidden behind a costal cartilage. ; 
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The Internal Mammary Lymphatic Glands 


RELATION OF GLANDS TO THE PLEURA (figs. 1 and 5). 


f In the intercostal spaces from the second or third downwards the 
internal mammary vessels are separated from the pleura by the transversus 
thoracis muscle (triangularis sterni). In the first, or first and second, spaces 
the artery is usually described as lying on the pleura; if this were correct 





Fie. 3.—Internal mammary lymphatic glands of a male fcetus. 


the glands, being situated, as described, in the fat in front of the vessels, 
are remote from the pleura. There is, however, in the first and second 
spaces an equivalent of the transversus thoracis muscle in the form of a 


‘ thin but very definite layer of fascia lying between the vessels and the 
; pleura. This I have ventured to call the costo-sternal fascia. The costo- 
' sternal fascia stretches across the anterior parts of the first and second 
» intercostal spaces, being in the same plane as the transversus thoracis 


muscle, with which it is continuous below. It is attached to the backs 








262 Mr E. Philip Stibbe 


of the first and second costal cartilages. Medially it blends with the 
periosteum on the back of the manubrium and upper part of the gladiolus 
of the sternum. Laterally, in the intercostal spaces it has a moderately 
well-defined free border. It is separated from the pleura by a layer of fat 
of varying thickness. 


SURGICAL CONSIDERATIONS. 


Removal of these glands in breast-operations seems to have been under 
consideration some twenty years ago by W. S. Halstead (Annals of 





Fic. 4.—Internal mammary lymphatic glands of a male, aged 74. 


Surgery, xxviii. p. 572):—“ Dr W. H. Cushing, my house-surgeon, has in 
three instances cleaned out the anterior mediastinum on one side for 
recurrent cancer. It is likely, I think, that we shall in the near future 
remove the mediastinal contents at some of our primary operations.” 
Describing his operation at a later date (1894), however, Halstead does not 
seem to have followed up the idea. 
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Mr Sampson Handley kindly allows me to quote the following from his 
experience :—He has explored the second and third intercostal spaces in 
five cases of breast-cancer. In each space the internal intercostal muscle, 
with the anterior intercostal membrane, was reflected as a flap with the 


Pleura. 






Costal cartilage. 


Internal mammary artery. 


Fat. 


Pectoral muscles. 


Lymphatic gland. 





Anterior intercostal 
membrane. 


Costo-sternal fascia. 


Internal intercostal — 
muscle. 


AANA 


‘Transversus thoracis muscle. 





Costal cartilage. 
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Fie. 5.—Diagrammatic vertical section of anterior end of second intercostal space. 


base outwards. The technique was easy, though bleeding was trouble- 
some in one case. In four cases no lymph-glands were found, though 
Mr Sampson Handley thinks they were probably present but—in the 
absence of induration—not easy to pick out from the fat. 

In the remaining case two glands were found in each space (second 
and third), all infected with cancer. The smallest gland was almost 
microscopic, but showed infiltration of the fat around it. The case was 
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a cancer of the inner part of the breast, and although operated on before 
it had reached an advanced stage, the patient died within six months, of 
internal recurrence. 

Mr Handley endorses the point I have emphasised of the remoteness 
of the glands from the pleura, but is of opinion, after his experience, that 
routine exploration of the intercostal spaces is not desirable. 

Mr H. Blakeway, in five post-mortem records of deaths from breast- 
cancer, finds no mention of the internal mammary lymph-glands; in one 
post-mortem of his own the glands were specially examined, and found 
not to be infected. He is of opinion that routine exploration of the 
spaces would not be justifiable. 

Surgically, therefore, this paper has led to somewhat of an anti- 
climax; it may, however, be justified as a small addition to descriptive 
anatomy. 


SuMMARY. 


1. The internal mammary lymphatic glands are four or five in number 
on each side, one each in the first, second, third, and fifth or sixth spaces. 

2. The number of glands is greater than this in infancy, and less in 
old age; between the ages of twenty and sixty it is nearly constant. 

3. There is no characteristic variation in the female. 

4. In the first and second spaces the gland is usually (88 per cent. 
and 76 per cent.) medial to the internal mammary vessels; in the third 
space it is usually (80 per cent.) lateral to the vessels. 

5. The glands are remote from the pleura, being separated from this 
by the following, from before backwards :— 


(1) Fat containing internal mammary vessels. 
(2) Costo-sternal fascia. 
(3) A thin layer of fat. 


6. The glands are therefore readily accessible to operation without 
undue risk to the pleura. 

Surgical opinion, however, is not in favour of this removal as a routine 
measure in operations for breast-cancer. 


I have to thank Professor R. Howden for permission to carry on this 
investigation in the Anatomical Department, and for suggestions and 
criticism. I am also indebted to Professor M‘Donald of this College for 
material, and to Messrs Sampson Handley and H. Blakeway for the in- 
formation already referred to. A few of the dissections were done by 
students of this College; the diagrams are the work of Mr S. A. Sewell. 












































ON ABNORMAL SEXUAL CHARACTERS IN TWIN GOATS. By 
EstHER RICKARDS and Professor F. Woop Jonss, London School of 
Medicine for Women. 


THE subject of the “free-martin” is one that has attracted the attention 
of many anatomists and veterinarians. John Hunter (1728-1793) and 
Alexander Numan of Utrecht (1780-1852) were among the first and the 
most distinguished of those who made this question a special study. To 
the breeders of cattle it has always been a curious problem, and it has 
proved a theme around which a host of legends—some with a basis of 
truth and some apparently lacking this basis—have sprung up. 

The free-martin has been a thing of interest, of curiosity, and of legend ; 
but quite recently it has become a rather more real and important matter. 
The embryologist early saw the strictly scientific importance of these cases 
of irregular sexual development, and appreciated them for the light they 
throw upon the stages of normal sexual evolution. But of late years the 
problem has become of practical and economic importance—not to the 
breeders of cattle, who knew the conditions as far back as Roman times, 
but to the modern small-holder who breeds that epitome of economic 
zoology, the goat. 

When it is affirmed of a “celebrated he-goat ” that “one season every 
kid he sired, eleven in number, was a hermaphrodite,” it will be realised that ° 
the question of the caprine free-martin ceases to be a purely academic one. 

It is for this reason that the present cases are described in detail; for 
although the literature is burdened with records of examples of the free- 
martin, the great bulk of these records lack just those details which make 
for a more thorough understanding of the anomaly. 

The two goats described in the present paper (bred by Mrs H. of 
Enfield) were twin births, and both were feet presentations; in every 
respect the kids were identical. No doubt whatever was entertained 
regarding their sex, for both appeared to be typical females; moreover, 
comparison was to be had with a single nanny kid born to another mother 
only a few days previously. One kid was kept by the breeder, andthe 
other was given away; but in both cases it was noticed that within a week 
or ten days after birth definite changes had occurred in the external 
genitalia which produced a more masculine appearance. 
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The change was brought about by pronounced elongation of the genital 
tubercle—a growth which converted the “vulva” into a more slit-like 
orifice on the under surface of a remarkably penis-like clitoris. A 
veterinary surgeon was called in to examine one of the kids, and, although 
noting the anomalous condition of the external genitalia, he was of opinion 
that the sex was certainly female, since the nipples and the mammary 
glands were those of a normal female of that age. It was obvious, how- 
ever, that the malformation of the external genitalia, which increased with 
rather remarkable rapidity, would render the animal useless for breeding, 
and it was therefore decided that the animal should beslaughtered. Before 


it was killed several details of behaviour were noted: it conducted itself — 


in a thoroughly masculine manner towards females; its whole bearing and 
instincts were definitely, almost precociously, masculine. It was useless to 
examine the development of such characters as horns and beards, since its 
mother was a horned and bearded nanny; nor was the kid old enough to 
have developed the characteristic smell of the billy goat. When it was 
killed the genitalia were removed by the butcher, and they provide the 
bulk of the histological material for this paper. 

After these specimens had been examined it was determined to trace 
the twin kid, which was procured alive, and its genitalia were excised and 
examined immediately after it was killed, and this kid provided the 
material from which the naked-eye anatomy is described. In every way 
this second kid had advanced in a masculine direction further than the one 
killed earlier. It must therefore be understood that in this description 
the histological characters are taken from the first-killed kid, and the gross 
anatomy from the older kid. As a matter of fact, the two specimens are 
identical save that in the second and older example the development of 
masculine external characters had proceeded rather further. 

The actual condition of the membranes at birth cannot be given, since 
no material was preserved and no scientific witness was present. 

The genital tubercle of the older specimen was well developed (see 
fig. 1). A distinct glans, 15 em. in length, uncovered by a prepuce, was 
slightly dependent from the abdominal wall. A depression in the site of 
the urethral orifice of the male marked the ventral surface of the glans, 
but this depression did not have any connection with the urethra, the glans 
being imperforate. The body of the genital tubercle is marked by a well- 
developed median raphé, which terminates posteriorly in the anterior 
margin of the anus. 

The area covered by this median raphé was 3 em. long, and in its length, 
and situated immediately behind the glans, a slit-like orifice marked a local 
failure of the inner genital folds to complete their fusion. The aperture in 
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the older kid was 5 mm. in length, and it was bordered upon either side by 
the free edges of the inner genital folds. 

Immediately lateral to this raphé region the body of the genital 
tubercle was distinguished as raised areas of skin constituting the body of 


penis 








Raphe formed by closed 


labia minora 


Anus 


Fic. 1.—External genitalia. Taken from the second kid. 


the penis. These lateral portions of the body of the penis were continued 
backwards around the anal orifice to the base of the tail, where they met 
and merged with the general skin surface. These folds are homologised as 
the outer genital folds. The space enclosed by these folds is homologised 
as the area of the ectodermal cloaca (see fig. 1). 

This appearance of the external genitalia of the older kid is in marked 
contrast with the condition present at birth. The figure (fig. 1) and the 
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description obviously denote the condition of a hypospadiac male with a 
somewhat undeveloped penis. At birth, however, the genital tubercle was 
no larger than the clitoris of a normal nanny kid, and the orifice in the 
raphé was by far the most conspicuous feature, and presented the appear- 
ance of a small—but otherwise normal—vulva. 

The nipples, two in number, and inguinal in position, were of the 









Vas deferens 
Cornu uleri 


Bladder 
Urerus 


Ureter. 


Seminal Vesicle. 


af Postale ‘ 








Posterior end of Corpus 
cavernosum 


Reetum (thrown back) 


Fic. 2. —Internal view of genital organs, seen from behind, the sacrum being 
removed. Taken from the second kid. 


normal size for a nanny kid; and the most striking feature about them 
was the fact that they depended from prominences which presented the 
typical appearance of the young udder. Dissection showed that the penis 
consisted of two corpora cavernosa, which presented the S-shaped bend 
characteristic of the normal male goat. The posterior ends of the corpora 
cavernosa passed as fibrous masses upon either side of the urogenital sinus 
and rectum, and became lost in fibrous tissue behind the rectum.- 

The orifice on the raphé passed directly into a large urogenital sinus 
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which, encircled by the divided posterior ends of the corpora cavernosa, 
was subdivided into an anterior urethral part and a posterior genital 
part. The former passes into a normal bladder and the latter into a 
typical uterus. ; 

The urogenital sinus is 3 ems. long, and sections show it to be thin- 
walled, lined by epithelium of the transitional type and surrounded by a 
certain amount of erectile tissue—presumably the corpus spongiosum. 

A pair of lateral swellings in the wall of the sinus marks the site of 
the urogenital junction (fig. 2). Sections were made of this region, and 
they are found to be composed of prostatic tissue. Their ducts open into 
the urogenital sinus. 

Another pair of lateral swellings can be seen on either side of the 
uterus, above the prostatic bodies. These are partly embedded in the wall 
of the uterus, being free above and attached below. They have a knobbled 
appearance, and are situated rather to the anterior aspect of the organ 
(fig. 2). 

* Before the microscopic structure of these parts is considered, the gross 
anatomy of the genital apparatus will be described. 

The uterus is typical of a female goat of that age; the Miillerian ducts, 
or cornua uteri, pass laterally from each upper angle to the anterior 
abdominal wall, and thence pass out through the internal abdominal ring 
(fig. 3). 

"Gosia alongside the Miillerian duct is a second thinner duct which 
passes proximally through the internal abdominal ring with the Miillerian 
duct and distally into the substance of the uterus, where it will be sub- 
sequently traced. This second duct is the Wolffian duct. 

The Miillerian and Wolffian ducts, traced through the internal abdominal 
ring, are found to traverse the inguinal canal and pass to the testicle, which 
lies in a pouch under the skin—the scrotum. This pouch is, moreover, 
under the site of the mammary gland, and this produces the elevation and 
apparent large size of the gland which seemed so like that of a normal 
female. 

The testicle consists of a testis and epididymis: the former, oval in 
shape and pearly white in colour, measured 1°3 cm. in length and 1 cm. 
in breadth; the latter, almost crescentic in form and pink in colour, lies 
in relation to the external border and superior and internal poles of the 
testis, to which it is attached. 

Sections through the testis show that the gland is perfectly typical 
of the male sex, and, moreover, is absolutely normal in character. The 
seminiferous tubules are still solid, as one would expect in a young goat. 

The, Wolffian duct is found to fuse with the upper part or globus 
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major of the epididymis, and the Miillerian duct, passing behind the testis, 
fuses with the lower part or globus minor of the epididymis (fig. 4). 

At the point where the Miillerian duct joins the epididymis the ' 
gubernaculum is attached (fig. 5). No structures resembling the stalked or 
sessile hydatids were observed. 








Reclum 
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Wolffian duct 
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Bladder 
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Fic. 3.—Internal view of genital organs, bladder thrown forwards. 
Taken from second kid. 


To return to the caudal end of the Wolffian duct: its course in the 
anterior wall of the uterus was followed by means of serial sections of 
that organ. 

In the upper sections the duct is seen embedded in the anterior part of 
the side wall of the uterus; as it is traced distally it seems to come into 
relation, anteriorly and externally, with the upper part of the lateral 
swelling in the uterine wall already referred to. This body is partly free 
and partly embedded in the wall of the uterus. It presents a coiled 
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appearance in section, but probably is a single cavity, thrown into a number 
of folds, which in section gives the impression of numerous cavities. Lower 
sections show this body—which is undoubtedly the seminal vesicle—wholly 







Wolfian duct Wolffian duct 


Millerian duct Mullerian’ duct 








Fic. 4.—Anterior view of testicle. Fic. 5.—Posterior view of testicle. 
Taken from the first kid. 


embedded in the uterine wall and still in relation with the Wolffian duct, 
while yet lower the duct opens into the cavity of the seminal vesicle. 
In these sections the cavity of the urethra is seen anteriorly, while 


Obliquely evf epithelium 





Beds Epithelium 





Fic, 6. 
Epithelium of uterus. Epithelium of Wolffian duct. 


posteriorly, and in much closer relation to the ducts and seminal vesicles, 
is the lumen of the uterus (fig. 7 i.). 

The minute structure of these various parts shows very definitely the 
three groups to which they belong. The uterus is lined by thick transi- 
tional epithelium (fig. 6 A); the seminal vesicles and the lower end of the 
Wolffian ducts are lined by a single layer of elongated, almost columnar 








. 272 Esther Rickards and Frederic Wood Jones 


cells (fig. 6 B); the urethra is lined by a thin layer of transitional epithelium. 
The tissue between the coils or folds of the seminal vesicles diffe:s only 
from the epithelium lining the cavity in that it is seen obliquely ; around 
the coils, smooth muscle fibres are seen (fig. 6 B). 

In the lower sections just described, another structure embedded in the 





M= Molleriar Duet. 
2: Divertie slum. 
Bay sre Duet, 
(Seminal vesicle) 


Fic. 7.— Diagrams of serial sections of the uterus and urethra, with the Wolffian ducts 
and seminal vesicles, showing the means by which the cavities communicate. 


anterior wall of the uterus, in the median plane, is seen to arise from one 
or two diverticula. 

As one traces the sections more distally one sees that the seminal 
vesicles fuse, forming one cavity, which is anterior to the cavity of 
the diverticulum, which in turn is anterior to the cavity of the uterus 
(fig. 7 ii.). Thus in this region the structures are, from before backwards: 
the urethra, the fused seminal vesicles, the diverticulum, and the uterus. 
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Below, the diverticulum is seen to open into the uterus, so that only 
three cavities are seen in sections through this region (fig. 7 iii.). Then 
the fused seminal vesicles are seen to open into the uterus, so that in 
these sections only two separated cavities are seen (fig. 7 iv.). Finally, the 
urethra opens into the anterior aspect of the fused seminal vesicles and so by 


| 



















U = Uerus. 

D= Diverticulum. 

W = Wolffian duct. 

& = Seminal vesicle, 

Ur = Urethra. : 
UGS - Uro-genital Sinus 


Fic. 8.—Diagram showing the lower ends of the Miillerian and 
Wolffian ducts, and the junction of uterus and urethra. 


means of them and the diverticulum communicates with the uterus (fig. 7 v.). 
This is the site of the urogenital junction, and embedded in the walls of 
the cavity on either side is the upper end of the prostate gland. 

Fig. 8 may be supposed to represent the structures embedded in the 
anterior wall of the uterus, and to show the relations of the uterus and 
urethra, and the means by which the cavities communicate. 


SUMMARY AND CONCLUSIONS. 


This case is published since, so far as we are aware, it is the only one 
of its kind recorded. Mr C.J. Davis, who has devoted especial attention 
to caprine free-martins, concludes that they may be born “(a) singly ; (0) as 
twin with a normal male; (c) as twin with a normal female; (d) as one of 
triplets, the normal kids being male and female; (e).as one of triplets, the 
normal kids being both males.” But headds: “ Breeders are unanimous in 
asserting that in their experience two malformed kids have never been 
born “at the same tiine.” There would be but little merit in recording this 
case simply for the reason that so far no similar instance had been recorded ; 
VOL. LII. (THIRD SER. VOL. XIII.)—APRIL 1918, 19 
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but, as a matter of fact, far more importance than mere unusualness is 
attached to it. The underlying causation of the anomaly has often been 
probed, and, so far, two main ideas have been brought forward to account 
for the inception of the condition. 

It has been supposed by Berry Hart that the abnormally sexed indi- 
vidual is the product of a single ovum which also produces the normal 
foetus. This theory, therefore, starts with the assumption that the normal 
and abnormal twins are monozygotic. On the other hand, the more recent 
work of Lillie assumes that the normal and abnormal foetuses originate 
from two distinct ova—that they are dizygotic in origin. Unfortunately, 
we are unable to make any definite assertions concerning the membranes 
or circulatory mechanisms of the two kids in the present case; but, taking 
into consideration the exact likeness existing between them, it is almost 
impossible to disbelieve in their origin from a single ovum: every feature 
of the whole anatomy of the two kids compels a belief in their monozygotic 
origin. If the account of this case cannot furnish definite proof that the 
twin kids are monozygotic in origin, it at least lends no support to the sup- 
position that they are dizygotic. Further, this case disproves 7 toto Lillie’s 
further contention that the abnormally sexed individual is produced by the 
action of the sexual hormones developed by the other twin. Lillie supposes 
that while in the uterus a normal male derived from one ovum passes, by 
vascular connection, its sexual hormone with the circulation of a female 
derived from another ovum, and that in this way the sexual characters 
of the female twin become deranged. It is obvious that in this case of 
identical twins no such hormonic influence can be involved. But apart 
altogether from this case, the whole series of facts concerning caprine free- 
martins brought together by Davis, and the whole experience of goat- 
breeders, show the unsoundness of Lillie’s theories. Were the abnormally 
sexed individual to be a female whose sexual characters were disturbed 
in utero by male hormones, one would suppose that after birth, and when 
freed from the influences of these hormones, the kid would tend to assert its 
true sex more and more, and to become more thoroughly female in character. 
That exactly the reverse is true is a matter of common knowledge. 

Caprine free-martins have won first prizes as she-kids and as she- 
goatlings, so thoroughly female are they in appearance and behaviour 
when young; but as they grow older their true sex begins to show itself 
very definitely. They are reported as standing “stretched out with a 
concave back” in a typical male position, as “rearing up and butting like 
a male,” as “ worrying the female goats with attentions like a male would,” 
as developing, “and very strongly, the characteristic smell of the male 
goat,” etc., etc. These characters develop with advancing age. 
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Again, the histological condition of the genital gland in this case leaves 
no doubt that the organ is a typical testis, and so confirms the findings 
of Berry Hart, Spiegelberg, and others. In every way the case bears a 
strong resemblance to the caprine free-martin described by Keith, in which 
also the gonads were determined to be male. We are dealing, obviously, 
with male animals, the external genitalia of which are incompletely 
masculine at birth, and in which also the usual rudiments of the female 
internal genitalia are altogether unduly developed. The male gonad 
appears to exert its determining influence at an unusually late period, 
so that a disharmony results from an abnormally prolonged “ indifferent ” 
stage of sexual differentiation. 

All effort to trace a precise pedigree for the parents of these kids has 
failed. This is to be regretted, since it was hoped that more light might 
be thrown upon the very interesting question of the origin of the extra- 
ordinary frequency of this malfurmation in goats. 

From the evidence collected by Davis and others it appears certain 
that the malformation is associated with the Toggenburg breed, and that, 
in all probability, it is transmitted through the normal males. 
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STUDY OF AN OPODYMOUS KITTEN. By J. A. Pires pE Lima, 
M.D., Professor of Topographical Anatomy in the Faculty of 
Medicine of Oporto (Portugal). 


In March last a servant of my laboratory brought me the dead body of a 
malformed kitten. He told me that the mother was three years old, and 
had already had four broods, each of four kittens. All were perfect except 
the one described here, which was dead-born. The mother is white all over, 
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except the head and tail, which are black, while the anomalous kitten is 
white on the ventral surface and dark grey on the dorsal one. It is of 
the male sex, and weighs 95 grammes. The stump which remains of its 
umbilical cord measures 15cm. Save the irregular conformation of the 
head, the anterior part of which is double, the rest of this animal has a 
normal external appearance. The head, single at the back, gradually 
divides into two, as one advances forward. The monster has two ears 
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(fig. 1); three eyes, the medial one being constituted by two coalescent 
ocular globes with two cornee, united along a vertical line; two noses, 
each with two nostrils, the internal ones only being permeable; two 
mouths, each with its own tongue. 

On the medial line of the anterior surface of this bifid head is a crest 
of hairs (fig. 1 and fig. 2, 1) which divides it into two perfectly symmetrical 
parts. The hairs are obliquely implanted outwards on both sides. The 
two heads are remarkably symmetrical, the whole being deviated to 
the left. 

There is but one medial palpebral cleft, but it is seen to be formed of 
two clefts that have become united at their internal angles. The medial 
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ocular globe is lined at the corners with broad and thick half-moon-shaped 
folds, which are united on the medial line both at the top and at the 
bottom (fig. 3, .s.). 

The conjunctiva is single, as well as the sclera; but there are two optic 
nerves, which penetrate the central eye at 5 mm. distance from each other. 
Each of the cornesw presents a convexity of its own. The eccentric eyes 
have wide membranous plicas. 

I have taken the following measurements relating to the body of this 
animal :— 


Distance between the internal corners of the two eccentric eyes. 4 cm. 
Breadth of the palpebral cleft of the medial eye ‘ . 17 mm. 
Distance between the corner of the medial eye and the internal 

corner of the lateral eye . i» 
From the internal angles of the lateral eyes to the tip of 

the nose . ‘ : : 1 cm. 
From the angle of the medial eye to ‘nasal tip . ‘ ame vats 


Between the free tips of the two noses’. : ‘ . 35 mm. 
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Distance between the lines of implantation of the ears, measured 

over the vault of the skull ‘ ; ; : ; . Som. 
From the medial point between the two noses and the free 

extremity of the tail . : ; : ; : : «ae 
Length of the tail . : : ; ‘ : ; : a a 
Circumference of the neck : > : : : ae, 
Circumference of the abdomen, taken at the umbilicus 9 


The definition of an opodymous monster according to Isidore Geoffroy 
Saint-Hilaire is: “Body single, head single behind but separated into two 
distinct faces from the ocular region.” It is a diprosopus triophthalmus, 
according to Forster's nomenclature. 

I began the dissection at the neck. The first layer being removed, I 
found, enclosed under the concentric mandibular bone, a big submaxillary 
gland. Next to this was a muscular stratum formed by the undifferentiated 
suprahyoid muscles. I continued the dissection forward, and uncovered the 
fore parts of the mandibular bones; the two medial ones are united at 
their hinder extremities, so that there are three symphyses between the four 
bony parts, as represented in fig. 2. I went on dissecting backwards, pre- 
paring the hyoid bone, the larynx, and the trachea, which, with the ceso- 
phagus, are single (fig. 2). I opened the thorax and abdomen, finding 
nothing anomalous in the respective viscera. I made an incision along the 
lower margins of the mandibular bones, cutting the two tongues, which 
were united at their bases. I entered a roomy single pharnygeal cavity, 
which communicated on one side with the mouths, on the other with the 
narrow cesophageal canal. The epiglottis was small in comparison with the 
wide pharynx. The single base of the combined tongues is of course very 
wide, and is proportionable to the extensive pharynx. 

On each of the palatine vaults there was a deep furrow, antero-posterior 
in direction, representing the lateral nasal fossa of each nose, the half 
which is not open to the outside, as we have already seen. As a compensa- 
tion, each of the furrows communicates with the respective medial nasal 
fossa by means of a short transverse canal. The two medial nasal fossz 
open to the outside, but not to the pharynx. These canals have an oblique 
direction backwards and inwards, ending in culs-de-sac. If the monster 
were viable, the respiration would be carried out by the air entering through 
the internal nostrils, the only permeable ones ; thence it would pass into the 
mouth through the transverse canal of communication between the internal 
nasal fossee and the palatine furrow, which represents the lateral nasal 
fossa. The above-mentioned furrows were occupied by the internal halves 
of the corresponding tongues. 

In order to study the external configuration of the skull of the specimen 
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I made a transverse incision in the soft parts from one ear to the other, and 
a longitudinal one from the free tips of the noses to the condyles of the 
occipital bone. Then with a periosteal elevator I exposed the surfaces of 
the skull and face bones (see figs. 3, 4). 

Fig. 3 exhibits the norma facialis of the skull, and fig. 4 its norma 
verticalis. The symmetry of the skull was remarkable (fig, 4, A, B). 

In some bones of the face (maxillary, fig. 3 (Mc, Me), nasal (N), inter- 
maxillary (I), and in the condylar portion of the occipital (O)), and the 
temporal bones, the process of ossification was imperfect. 

In the constitution of the border of the medial orbit the following 
bones took part: frontal and medial maxillary (fig. 3, F c, M ¢), as well 
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as the internal malar bones (J, J), which are reduced to two small half- 
moon-shaped pieces, with their concavities turned upwards. The medial 
orbit is 14 mm. wide and 1 em. high. The four frontal bones present 
salient eminences; the internal ones are 18 mm. and the external ones 
16 mm. wide. Above and behind the frontal bones we see the parietal, 
three in number; a medial (figs. 3 and 4, Pc), perfectly regular and 
symmetrical, 22 mm. in its greatest width and 20 mm. in length, with a 
longitudinal groove in its axis, but without any vestige of suture. Of the 
two lateral parietals, the left is constituted by two independent pieces 
(Pe, Pe’). It was apparently developed from two points of ossification, the 
independence of the two pieces being due to the position of the heads 
of the monster, which is, as we have said, strongly bent to the left. 
Between the lateral parietal, the medial, and the occipital bones (tig. 4, O) 
there is a supraoccipital (S) shaped like a regular trapezium, the greatest 
width of which is 8 mm. and the least 3 nm. 
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After having studied the skull, I separated the parietal and the supra- 
occipital bones in a single piece, a somewhat difficult operation, because the 
internal surface of the bones was closely adherent to the meninges, at the 
sutures. Beneath the medial parietal the dura mater was very thick, with 
a large falx attached to it. I removed the encephalon, which on its upper 
surface is composed (fig. 5) of two concentric hemispheres (H c) corresponding 
to the medial parietal bone, and of two medial hemispheres (He) united 
to the lateral ones. Each of the medial hemispheres presents two sulci, 
antero-posterior in direction, bounding three convolutions. The lateral 
present a few sulci, irregular and slightly marked. 

Behind the four hemispheres a single cerebellum is seen. Fig. 6 
represents the inferior aspect of the encephalon. Between the lateral 
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hemispheres, where one notices a sulcus antero-posterior in direction, the 
mesial hemispheres are enclosed like a wedge. 

Each nose was supplied with a pair of well-developed olfactory bulbs. 

Although this monster is not a rare one, the specimens that have been 
dissected are not numerous. As we have already said, it was Isidore Geoffroy 
Saint-Hilaire (1) who gave this genus of monsters the designation of 
opodymus, rejecting the term polyopse which his father had coined for 
them. The creator of scientific teratology duly noted the remarkable sym- 
metry of both faces of the opodymi. He had observed that their tongues 
were united at their bases; they had but one cerebellum ; and he mentions 
several cases in the human species and in other mammifers, specially in the 
cat, as well as three birds and one fish. He refers to an opodymous 
child of seven months which was publicly exhibited in Spain in 1775. 
Taruffi (2) quotes several cases gathered from medical literature, relating 
to our species, the cat, the ox, the sheep, etc. Gadeau de Kerville (3) 
summarily described an opodymous chickling. Guinard (4), together with 
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Professor Lesbre, studied an opodymous kitten which lived five days. It had 
two concentric palpebral clefts, but only one medial orbit, which lodged an 
ocular globe, constituted by two coalescent ones, but with two optic nerves. 
Lesbre and Forgeot (5) published in 1906 a work dealing with this group of 
monsters. These authors had an opportunity of studying five opodymous 
monsters—cats, a calf, and a lamb, one of the cats being the one mentioned 
in Guinard’s book. From a study of these five cases, Lesbre and Forgeot 
gave a description of the opodymous genus. In the cases of this genus 
there may be two medial parietal bones or a single one, as in my specimen. 

Finally, Lesbre and Pécherot (6), in 1913, studied the head of an 
opodymous calf which lived six days, having been put to death because it 
was unable to suck. The internal nasal fossz of this calf ended in a cul- 
de-sac, and the external nasal fossee communicated with the mouth and 
pharynx. It had only three cerebral hemispheres, and the medial sub- 
maxillary glands were small—separate. It looked diophthalmic from 
without, but it really possessed a medial orbitless eye. 
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THE EXAMINATION OF A SKELETON OF KNOWN AGE, RACE, 
AND SEX. By Miss KaTuiren F. Lanper, B.Sc., The London 
School of Medicine for Women. 


PROFESSOR COLLIMORE, whose skeleton is described in this paper, was 
an Englishman, who was born on Ist December 1878, and died on 17th 





Fic. 1.—Portrait and Skull. 


March 1907, aged 28. He held the post of Professor of Literature in the 
University of Fribourg, Switzerland. On the maternal side he was partly 
Jewish. 

The sternum of the skeleton is a substituted one, the original having 
been destroyed in the post-mortem examination; no observations on this 
bone could therefore be recorded. This fact possibly deprives the thoracic 
measurements of some of their value. 

His photograph, side. by side with one of his skull, orientated to the 
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same position, is shown on fig. 1. The contrast between the narrow 
appearance of the latter and the broad fleshy face is striking. It seems 
improbable that anyone examining the skull would postulate a type of 
face similar to that seen in the photograph. 

The measurements were taken with a Flower’s craniometer and Parsons’ 
rigid bar. 


CRANIAL MEASUREMENTS. 


mm. 
Length (maximum length, inclusive of — , ; . 188 
Breadth( ,, breadth).  . , ; . 140 
Minimum frontal breadth (actual minimum) . ; ma. 
is taken on temporal lines . : . 99°5 
Height (basion to bregma) . . , : . 136 
Auricular height . : i ‘ . 125 
Total facial height (pogonion to nasion) . ‘ ‘ . 124 
Upper = (prosthion to ,, ). ; aoe 
Cranial base (basion to nasion) ; ; . 106 
Facial ,, ( ,,  to’prosthion) ; : , : . 192 
Bizygomatic (maximum) . ; é . 135 
Bigonal (maximum) ; ; 2 , ‘ ‘ . 120 
Right orbit, length : ‘ : : | , . 36 
» 9. breadth : : ; : ; ; 3 oo) See 
Left ,, length ; ; Q , , : i: an 
Pe » breadth ‘ ‘ a 
Measured inside the orbital margins wea pan eroee nes eink 
mal fossa :— 
Nasal length (nasion to nasal spine) : , ; ; a 
» breadth of aperture : : ; ’ , : > tan 
» length of - ‘ ; : ; , : - gh 
Measured inside the nasal margins :— 
Palate, length (maximum) ‘ - j ' ‘ > a 
», breadth, es  . : ; ‘ ‘ « 
Biangular . ; : ‘ ‘ ‘ . 102 
Bicondylar_ . : ‘ ; : : - 
Symphysial height ; , : ‘ ; , ‘ . 85 
Sigmoid height . . 48 
Dental length (combined length of crowns of premolars and molars) 45 
Circumference of cranium, inclusive of glabella . . . 523 
Cranial capacity (rape seed) . . : - 1520 cc. 
- Ms by calculation . : . 1665°8648 c.c. 
Volume of brain. , ; : right half, 465 c.c. ‘| 930 c.c 
” ” . : left ” 465 ” 6 
CRANIAL INDICES. 
mm, 
Cranial ‘ : ‘ . , ' . Th 


Height : ‘ : . ; ; ; ‘ . 123 
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CRANIAL INDICES—continued. 


Facial . 
Nasal . 
Orbital, right 

oy ES 
Transverse-vertical 
Frontal 
Fronto-zygomatic 
Palate 
Dental 
Alveolar 


Bopy INDICEs. 


Intermembral : ‘ : a 
Radio-humeral . s Stet 
Tibio-femoral : : : 
Humero-femoral . 
Limb-height, humerus . 
femur 
3 radius 
‘3 tibia 
Lumbo-vertebral . 
Sacral 
Pelvic . 
Serine, 
Scapular, right 
sy left 
Platymeric, right 
5 left . 
Platycnemic, right 
left . 


” 


” 


Bopy MEASUREMENTS, 


Total height of articulated skeleton 


Maximum bi-acromial breadth : : 5 ee 


Clavicle, length . 
Scapula, __,, 


» breadth ; 
Humerus, maximum length 
is oblique * 
r upper articular surface, breadth . 
” ” ” width 
" lower s 5 maximum breadth . 


Radius, maximum length 
» axial length 


Right. 


mm. 
138 
159 
105 
320 
313 

50 

44 

46 
227 
217 





mm. 


55°5 
43:1 
94°7 
87°5 
97°1 
57°8 
60°0 
56:1 
44°] 
96°2 


mm. 
63°6 
70°93 
81°9 
68°3 

5:3 
3.6 
75 
4°5 

104-4 
96°5 
72:2 
86°6 
66:0 
67°5 
81:8 
84°3 
735 
84:2 


170°5 cm. =5 ft. 7 ins. 
Symphysis height. : . as ,, 


Left. 
mm. 


145 
157 
106 
318 
311 
49 
42 
46 
227 

' 216 
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Bopy MrasuREMENTS—continued. Right. _—_Left. 
mm. mm. 
Radius, upper articular surface, diameter . ; ee 24 
» lower . - =~ . J: ee 30 
Ulna, maximum length. ; ; : . 240 247 
Hand, total length . : OF 196 
Index finger, length . : : : ? ; . 862 162 
mm. 
Thorax, antero-posterior, inside . ° Se é . 144 
ve ‘3 outside : : : . 204 
fe transverse, outside . ‘ : : : . 236 
Subcostal angle . . ‘ : : ; . , a 
Twelfth rib, length . ‘ ; . eee 95 


Lumbar vertebre, height of centra :— 
1, 26 mm., anterior, 32 mm., posterior. 
2. 27 ” ” 30 ” ” 
3. 27 ” ” 28 ” ” 
4. 28 99 ” 27 ” ” 
5. 28 ”? ” 25 ” ” 


Sacral curve, maximum depth, 16 mm. 


Lower Limb. Right. Left. 
° . mm. 
Femur, maximum length . Aa 4 ic 457 
»  Obliquelength  . : . 458 453 
»» Upper articular surface, maximum diameter = 52 
” lower ” ” ” ” _ 78 17 
5» antero-posterior . : , ; ‘ i ae 27 
transverse . : A 3 : : ‘ 33 32 
Tibia, maximum length, . , : : ; Se 372 
»  axiallength . : ; : 4 : . 3848 346 
5, antero-posterior s ; ; ‘ ‘ : 34 32 
», transverse ; : : : ; ; ; 25 27 
Fibula, maximum length . ; ‘ 3 a: (4 372 
Foot, maximum length ; : . 256 346 
Pelvis, ilio-pectineal eminence to tuber ischii . 105 107 
5»  iliae crest to tuber ischii : , . 214 212 
», anterior superior -_ to tuber ischii . 173 ‘ 
» posterior _,, oy : . 553 152 
» acetabulum, maximum diameter : : , 57 56 
mm. 
5» maximum distance between anterior superior spines 263 
5% 3 Ss 4 mw inferior ,, . 210 
is sj - crests . 5 : . 995 
- brim, " antero- -posterior . : ; : : EEO 
re », transverse : - : , ; : EE 
” » Oblique . : ; , ‘ : ‘ a 
,  outlet,.transverse . : : ; : Y ae 
» height of symphysis pubis 2: 


», lower border of symphysis to sacral promontory . 131 
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Bopy MEAsuREMENTS —Lower Limb—continued. 


mm. 

Pelvis, between ischial spines . : : : 8 
»»  Ssub-pubic angle . : : : , re. i 
Sacrum, width of centrum _.. ; : ; : ; . 49 
35 », Of lateral mass . ; : : : : ~ = ok 

oA total width 3 : p ; : : i . 112 

“ », length (six pieces) . ‘ ; : . 130 

i length of five pieces . , : , - “a 


OBSERVATIONS ON THE SKULL. 


The cranium is regular in outline, ovoid, and dolicho-cephalic, the 
index being 744. There is a normal left occipital and right frontal bulging. 
The sagittal sinus turns to the right at the torcula Herophili. The height 
index of 72°3 shows a metrio-cephalic form. The cranial capacity is fairly 
high (1665 e.c.). 

The pterion shows a squamoso-frontal meeting over 20 mm. on the 
right side, 15 mm. on the left. 

The temporal ridges are prominent, reaching to 52 mm. from the 
mid-line. 

The superior curved lines of the occipital bones are prominent, as are 
also the ex-occipitals. 

Sutures: Outside.—There is no trace of the metopic visible at the 
nasion. 

The coronary is closed, but not obliterated. The sagittal is closed and 
obliterated in the region of the obelion and at the lambda. 

The lambdoid is closed except at the lambda, where it is very simple, 
and remains open for a distance of 31 mm. 

The occipito-mastoid is open on the left side and closed on the right. 

The squamous is distinctly visible and of typical form. 

Inside—The coronary is closed and very nearly obliterated in the 
middle of the right half; it is visible on the left. 

The sagittal is closed, but not obliterated. 

The lambdoid is closed except at the lambda ; below this it is obliterated. 

The occipito-mastoid is closed, but not obliterated on the right side; 
on the left it is partly open. 

The face is narrow, with an index of 55:5. 

The supra-orbital eminences are well marked and separated in the 
mid-line. 

The orbits are oblique and megasemic on the right, but mesosemic on 
the left. There is a well-marked groove for the lateral division of the 
left supra-orbital nerve. The malo-maxillary suture is quite separate 
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from the left infra-orbital suture, but starts in common with it from the 
right orbital margin. ‘The orbital roof is distinctly concave. 

The, nasal bones are completely fused and very prominent, as are the 
nasal spines. The nose is long and narrow, with an index of 43:1. 
a) The malar bones are not massive. 





Fie. 2.—Dioptograph tracing of the skull ; Norma verticalis. 


There is some apparent sub-nasal prognathism, but no real prognathism, 
as the alveolar index is 96:2. 

The mandible is small for the face, and slight, with a high coronoid 
process and everted angles—strongly muscular for so small a jaw. There 
is a well-marked “chin.” The lower dentition is crowded, with the third 
molar looking inwards. The first molar is four-cusped. The pre-molars 
are particularly crowded. 

The palate is rather narrow and high, with an index of 56:1. 

; The upper molars are three-cusped. The third molars are not erupted. 
| The right second upper molar was noted to be two-rooted. 
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All the teeth are present save the first. lower molar of one side and the 
third upper molars, never developed. 


OBSERVATIONS ON THE Bopy. 


The clavicles are both massive and only slightly curved, the right being 
more curved than the left. There is no trace of the epiphysial line. 














Fic. 3.—Dioptograph tracing of the skull; Norma facialis. 


The hwmerus shows no signs of the epiphysial junction; the muscular 
markings are plus on the right bone. 

The radius is not much curved and presents a sharp anterior border. 
It shows no epiphysial lines. 

The ulna shows no epiphysial lines. 

The arm is of the brachykerkic type, the radio-humeral index being as 
low as 70°9. 

The femur has no trace of epiphysial lines. The left shows greater 
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muscular impressions than the right, the markings on the neck being 
particularly distinct on that side. The tubercle for the inner head of the 
gastrocnemius is plus. There is no platymeria. 

The leg is brachycnemic, with a tibio-femoral index of 81°9. Platycnemia 
is slight, rather more on the right. 





Fic. 4.—Dioptograph tracing of the skull ; Norma lateralis. 


In the pelvis the ilia are translucent, the acetabula large and deep, and 
the sacrum and its promontory flat. 

The sciatic notch has female suggestions, and the pelvis is roomy, but 
the sub-pubic angle is distinctly male. The ilia articulate only with two 
sacral vertebra. The pelvis is platypellic, with an index for the brim of 
866. The sacrum is remarkably dolicho-hieric, its index being as low 
as 96°5. a 

The vertebral colwmn shows a koilo-rachic lumbo-vertebral index of 
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1044. The spine of the second cervical vertebra is very irregular and not 
bifid ;- that of the sixth is very bifid, while the seventh is not. 

The vertebra-arterial foramen is double in the fourth, fifth, sixth, and 
seventh vertebre on the right side; in the fifth, sixth, and seventh on the 
left. The anterior tubercle on the transverse process of the sixth cervical 
(Chassaignac’s tubercle) is very small. 

The ribs are twelve in number. The first is slightly marked by nerves. 
The non-articular tubercles are very poorly developed, being almost 
invisible on the eighth. 


REMARKS. 


The measurements and indices of the skeleton present several points 
of interest, and provide some results which are not in agreement with the 
figures usually taken as typical for the modern European male. 

In the breadth index, height index, facial index, and the alveolar index 
the cranium corresponds closely with the average, but is somewhat more 
leptorrhine than the normal British, approaching the Eskimo in this respect. 

The orbits are very megasemic, such as are found in the yellow races. 

The cranial capacity is within normal limits, slightly below Broaca’s 
average figure for male heads (1559 c.c.). 

It is in the pelvic region that the results are most anomalous. The 
lumbo-vertebral index shows a distin¢tly koilo-rachic column, such as has 
only been described for the lowliest races of mankind. The upper three 
lumbar vertebra are wedge-shaped, with the base directed posteriorly, and 
even the fourth has its anterior height only 1 mm. in excess of the posterior 
height. 

The sacral index, again, can only be compared with that of Bush races, 
or with the figure given by Turner for the average female foetus (99-7). 

The index represents only the length of the five pieces when the actual 
length of the bone, consisting of six fused pieces, is considered; the sacrum 
is almost Simian in its long and narrow proportions. 

The sacral curve is very shallow for a European, being only slightly in 
excess of the average for black races, and about two-thirds of that for 
the white races (13'2 and 25:1 respectively). 

The pelvic and pelvic-brim indices, on the other hand, are of an 
average type. 

The scapular index is rather higher than usual in civilised races, 
particularly on the left side. 

The femur shows no platymeria; and there is only slight platyenemia, 
more marked on the right side than the left. 

The proportions of the limbs, in contrast to the vertebral column, are 
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ultra-human. The very low intermembral index falls short of the lowest 
figures given for the normal range (66-67), and indicates shortness of the 
arm, since the figure is not particularly tall. 

That this reduction is due to both arm and forearm bones is shown by 
the very low humero-femoral and radio-humeral indices. 

The bones of the leg are in their average relative proportions. 

Sexual characters are not well marked. 

The head of the femur is distinctly male in its maximum diameter of 
52 mm., and the sub-pubic angle is decidedly of the male type, but the 
remaining pelvic characters are not distinctive. While the acetabula 
would suggest the male sex, the sciatic notch and sacro-iliac articulation 
would lead to the opposite conclusion. The clavicles are but slightly 
curved for male bones. Muscular markings throughout the skeleton are 
on the whole well developed, but not sufficiently so to render the bones 
decidedly masculine. There is a slight tubercle on the right external angular 
process, none on the left. 

With regard to the age of the skeleton, which is known to be twenty- 
eight, the condition of the cranial sutures is in many respects at variance 
with the accepted views as to the dates of closure and obliteration. 

The coronary, sagittal, right occipito-mastoid, and most of the lambdoid 
are closed on the outside, and all the sutures on the inside are completely 
closed with the exception of the left occipito-mastoid. Internal obliteration 
of the coronary is nearly complete on the right side, and of the lambdoid 
below the lambda. 

Since closure on the outside of the skull and obliteration on the inside 
are not commonly supposed to commence before the thirtieth year, this 
skull forms an exception to the generally accepted rule. Again, it is 
unusual for the lambda to remain open when closure has advanced so far 
in other parts. 

As would be expected, no epiphysial lines are to be seen in the limbs. 

The presence of simple tritubercular molars is very rare for Hominide, 
or indeed for any Primate above the Tarsiers. 

The skeleton is distinctly Simian in the complete fusion of the nasal 
bones at such an early age, and also in the possession of a fronto-squamous 
pterion on both sides over a fairly wide area. 

With regard to the wide disagreement between the cranial capacity—as 
determined from the skull—and the volume of the brain, it is of interest to 
note that the latter has been preserved in spirit for ten years. 














THE PECTORALIS MINOR: A MORPHOLOGICAL STUDY. By 
Miss KATHLEEN F. LANDER, B.Sc., The London School of Medicine 


for Women. 


THE pectoral musculature in man is represented by two muscles, one of 
which may be divided into three portions. The pectoralis major consists of 
clavicular, sternal, and costal parts, all of which are inserted together on 
the humeral shaft. The pectoralis minor rises typically by aponeurotic 
slips from the second, third, fourth, and fifth ribs near their cartilages, and 
passes upwards and outwards to its insertion on the medial border and 
upper surface of the coracoid process of the scapula. 

A varied and somewhat confused nomenclature has arisen round the 
pectoral group of muscles. The complete pectoral musculature involves 
several collections of fibres not normally present in the human type. A 
full description of the muscles of the pectoral region in T'richoswrus 
vulpecula is here given, in order to introduce the nomenclature chosen for 
use in this paper, and to provide a preliminary account of a complete 
pectoral musculature. With very slight variations, the same description 
would apply to many other mammals, as, for instance, Ursus americanus, 
Felis domesticus, ete. 

Two main layers may be described, each delaminated into two planes, 
or showing a tendency to such delamination. The deeper of the two main 
sheets is subdivided into several serial portions, while the superficial one 
has little or no tendency to such subdivision. The chief muscles recognised 
as the result of this process of delamination and segmentation are :— 

(1) Ectopectoralis swperficialis, rising from the whole length of the 
sternum, and in Trichosurus, from the 5th and 6th costa] cartilages also. 
It is inserted on the middle third of the humerus, and is supplied from 
the brachial plexus through the external and internal (in Trichosurus, 
middle ') anterior thoracic nerves. 

This corresponds with the pectoralis major of human anatomy; it is 
very constant, varying only in the extent of its insertion, which may be 
higher on the arm or extend further distally, blending with the brachial 
fascia. 

(2) Ectopectoralis profundus, rising from the manubrial part of the 


1 Vide infra. 
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sternum only, deep to the highest part of the ectopectoralis superficialis, 
and being inserted at the extreme upper end of the humerus, and to the 
capsule of the shoulder-joint. This little muscle is frequently fused with 
the superficial part, but when distinct receives a special twig from the 
external anterior thoracic nerve. 

It seems that this small accessory part may be delaminated off from 
the ectopectoralis sheet either superficial or deep to the main large 
ectopectoralis muscle. The superficial condition is the less common; it is 
present in the cat. It is curious, however, that in the 50 mm. kitten embryo 
the arrangement is the same as that just described for Trichosurus; in 
the 80 mm. stage there is complete fusion of the two muscles, the second 
layer being marked by a considerable thickening of the ectopectoral, 
opposite the manubrium sterni; while in the one-day kitten and adult cat 
the second muscle has again separated out, but this time superficial to the 
main sheet to which it was previously deeply placed (cf. fig. 9). In the 
bear the condition is as in Trichosurus and the embryo kitten. In the 
human subject there is complete fusion, marked by greater thickness of 
the upper (manubrial) part of the pectoralis major; but in a seven-months 
foetus the pectoralis major is distinctly doubled at the upper end and 
very little dissection is required to separate out an ectopectoralis profundus 
rising from the first piece of the sternum. 

(3) Ectopectoralis clavicularis rises from the middle one-fifth of the 
clavicle, and joins the ectopectoralis superficialis near its insertion. This 
elavicular slip is very variable.in size, degree of blending with the ecto- 
pectoralis on the one hand and the deltoideus on the other, and in its presence 
or absence. It is present in reptiles, monotremes, many marsupials, and 
most of the Eutherian mammals which have well-developed clavicles. 

(4) Entopectoralis superficialis, cephalic division, rises from the sternum 
opposite the 2nd to the 5th costal cartilages, and is inserted on the cora- 
coid process of the scapula, receiving its nerve supply through the middle 
(usually internal) anterior thoracic nerve. This is the pectoralis minor 
of human anatomy, and is very variable in its attachments, rising from 
the middle portion of the thoracic wall and being inserted on the humerus, 
capsule, coracoid, clavicle, or scapula. 

(5) Entopectoralis swperficialis, caudal division, rises on the anterior 
abdominal wall, in continuity with the abdominal tunic, and is inserted 
on the shaft of the humerus deep to the lower end of the superficial 
ectopectoral. It receives its nervous supply by the internal anterior 
thoracic nerve, and is closely related at its insertion with the achselbogen 
or axillary arch, to which its nerve gives a branch. 

This is variously described by observers as the “pectoralis quartus,” 
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“pectoralis abdominis,” or “posterior deep pectoral.” It is variable, but 
not often absent. 

(6) Entopectoralis profundus rises in close association with the 
cephalic entopectoralis superficialis from the 3rd, 4th, and 5th costal carti- 
lages, by a thin aponeurosis. It becomes muscular, and is inserted on the 
lower border of the first rib external to the origin of the subclavius and 
meeting the insertion of scalenus medius. This piece of muscle has been 
noted under various names by various writers, e.g. “stenalis,’ “supra- 
costalis.” It is often absent. 

As is the case with other problems in myology, it has been usual for 
comparative anatomists, when endeavouring to trace the phylogenetic 
history of this muscle, to assume that the human condition represents the 
most specialised development to be found among the Mammalia. Regard- 
ing all other forms as more primitive, they have built up a series of stages 
by which the progression of the muscle may be traced from the type seen 
in the Carnivora, through that of the lower apes and the higher apes to 
man. Thus, Huntingdon (1) describes a series of primates, beginning with 
Hapale jacchus, the common marmoset, where there are “two main 
pectoral layers—ectopectoral and entopectoral. The entopectoralis arises 
from all the ventral surface of the sternum, almost directly continuous with 
the origin of subclavius and with the thin abdominal sheet of the super- 
ficial layer. The insertion is to the lateral surface of the shaft of the 
humerus under the superficial layer.” From this Huntingdon traces the 
insertion upwards over the capsule to the coracoid process, by describing as 
successive types Nycticebus tardigradus, in which the insertion is to the 
lateral tubercle of the humerus and the bone below ; Cynocephalus anubis, 
where it is partly humeral, partly capsular; and man (see fig. 1). The 
advances to be noted in Homo are:—“ Further differentiation ; migration 
cephalad of pectoralis minor to the coracoid; reduction and migration to 
the ribs of the pectoralis minor, obtaining consequent digitate attachment 
to a variable number of ribs below the first.” “These points, therefore, 
are considered by Huntingdon to be the last steps in the differentia- 
tion of the pectoral group of muscles. We should not expect to find 
any such condition among lowly or unspecialised mammals. Costal 
origin and coracoidal insertion are the ultimate products of differentia- 
tion and migration in the entopectoral sheet. Of the existence of any 
functional or structural reason for such a migration cephalad of the 
insertion of this muscle, there does not seem to be any hint in myological 
literature. 

The condition in the marmoset links the lower Primates with the 
Carnivora. It does not appear that any attempt has been made hitherto 
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to correlate this type with the arrangement of the pectoral muscles in the 
more primitive mammals or non-mammalian vertebrates. 

The many observers who have noted the pectoral muscles of the Pro- 
totheria have differed considerably as to the homologue of the pectoralis 
minor in Ornithorbynchus and Echidna, and have sought for a muscle 





1 — —Hapale jacchus 





9 Nycticebus 

“—"— — tardigradus 
. eee Cynocephalus anubis 
4 Homo 


Fig. 1,—Diagram illustrating Huntingdon’s conception of the 
phylogeny of the entopectoralis ; ascent of insertion, regression 
of origin from the sternum, and diminution in size. 


similar to that of man and attached to the coracoid element. M‘Kay says 
in this connection: “ Although the pectoralis minor has been mentioned by 
some observers, such as Meckel, Owen (8), Cuvier (10), Laurillard, and 
Coues, it does not appear that there is any muscle present that really 
represents a true pectoralis minor. The muscles that have been put 
forward as representatives of the pectoralis minor are the costo-coracoid, 
the sterno-epicoracoid, and the epicoraco-humeral. We shall see, however, 
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when considering these various muscles, that other and more probable 
homologies have been assigned to them.” 

Humphrey (11), in his Observations on Myology, considers that the 
epicoraco-humeral part of the coraco-humeralis sheet found in the non- 
mammalian vertebrates (cryptobranchus, skink, crocodile, etc.) “to some 
extent occupies the place of the pectoralis minor; and if we suppose it 
continued on the under surface of the pectoral and in variable degrees 
segmented from it, it would quite correspond with the ordinary mammalian 
pectoralis minor, the proper insertion of which appears to be the radial 
ridge or tubercle of the humerus” (p. 157). He adds: “It is, however, in 











Fic. 2.—Ornithorynchus paradoxus, show- 
ing undiflerentiated rectus abdominis 
inserted to the coracoid and no ento- yg, 3,—Echidna hystrix, showing further differen- 
pectoral. tiation of the rectus abdominis, part being inserted 

Ec., ectopectoral ; Epi-C.H., epicoraco-humer- to ribs and part to the coracoid process. 
alis; B., biceps ; R., rectus abdominis. Lettering as before. 





man and some animals arrested wholly or partly at the coracoid, and is 
often quite segmented from the pectoralis major. Thus I conceive the 
pectoralis minor to be formed from factors of the pectoralis major which, 
or some of which, represent the epicoraco-humeral of urodeles, reptiles, and 
monotremes.” 

This epicoraco-humeral muscle described by Humphrey is agreed by all 
investigators to be the homologue of the muscle called by the same name 
in monotremes. It rises in them from the ventral. surface of the epicora- 
coid, and is inserted on the ventral aspect of the greater tuberosity of the 
humerus and the outer half of the ridge connecting that tuberosity with 
the lesser (M‘Kay (7), and see figs. 2and 3). No anatomist who has dissected 
the epicoraco-humeral of Ornithorhynchus or Echidna has described it as 
representing the pectoralis minor of higher forms, and Mivart emphatically 
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says that “this corresponds neither to the pectoralis minor nor to sub- 
clavius” (6). Indeed, there does not seem to be any very obvious connection 
between a muscle passing from the coracoid to the humerus and one passing 
from the ribs to the coracoid, even if we insert as an intermediate stage 
the muscle sheet passing from the sternum to the humerus. It seems more 
probable that any remains of this little muscle should be looked for 
rather in the coraco-humeral ligament, whose attachments will be found to 
correspond very accurately with those of the epicoraco-humeral muscle 
when it is present.! Moreover, the epicoraco-humeral is supplied by the 
“nervus supracoracoideus” of Westling (13), derived from the 4th and 
5th cervical nerves, and corresponding to the suprascapular nerve of higher 
forms. These roots never supply the pectoralis minor. 

The costo-coracoideus and sterno-epicoracoideus both arise only from 
the 1st rib and that part of the presternum corresponding to the first costal 
cartilage. Westling (13) considers them the homologue of the subclavius. 
Their nerve-supply is from the 5th and 6th cervical roots, which negatives 
the pectoral homology and supports the subclavian. 

It is thus apparent that a pectoralis minor, as such, is wanting in the 
monotremes. In most of the marsupials, and the lower Eutherians, how- 
ever, it is a well-marked structure. In the wombat (Phascolomys) the 
cephalic entopectoral is a thick, fleshy mass rising from the sternum and 
being inserted into the coracoid process. (There isa superficial ectopectoral 
sheet inserted into the inner side of the deltoid ridge and blending some- 
what with the deltoideus. The deep ectopectoral is represented by two 
portions: one a small discrete slip under the cephalic fibres of the superficial 
layer, gaining insertion by a short, flat tendon to a small tubercle on the 
inner border of the great tuberosity; the other is partly fused with the 
caudal pa:! of the superficial layer, and is inserted on the inner surface of 
the shaft of the humerus. This layer is therefore deficient in the middle. 
The caudal entopectoral is a thick, fleshy mass inserted on the upper part 
of the humeral shaft and spreading over the capsule.) 

In the armadillo, Zatusia novemcineta, the cephalic entopectoral passes 
to the coracoid process and upper part of the capsule (The ectopectoral 
divides into two as it approaches the shoulder. A broad, thin aponeurosis 

1 Qf. Parsons (40). “In the human shoulder-joint . . . it is suggested that this (the 
coraco-humeral ligament) represents the continuation of the pectoralis minor. In dissect- 
ing the shoulder-joint of citarrhine monkeys I noticed that although the pectoralis minor 
passed over the coracoid process and was inserted into the capsule of the shoulder, a fairly 
well marked coraco-humeral ligament was also present, and quite distinct from it. From 
this I am led to believe that the coraco-humeral ligament of man may be reinforced by the 
distal fibres of the pectoralis minor, but that it is not entirely representative of them” 


(pp. 51-53). “ The greater part of the coraco-humeral ligament of man comes from the epi- 
coracoid rather than the coracoid element” (p. 57). 
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passes to the outer lip of the bicipital sulcus, and spreads into the capsule, 
while a thicker muscular portion proceeds upwards to the coracoid process. 
The caudal entopectoral crosses over the fleshy belly of biceps to meet the 
insertion of deltoideus.) (Fig. 6.) 

Among other lowly mammals where the cephalic entopectoral is a well- 
detined structure, passing wholly or in part to the coracoid process, may be 
mentioned Cuscus, Thylacinus, Phascogale, Dasyurus, Perameles (Gadow 
(37) ), and Galeopithecus. It is thus clear at the outset that the commonly 
accepted statement that “the coracoid insertion is a secondary attachment 
seen only in man and some of the higher Primates” (Keith, Human Embryo- 
logy and Morphology) is not supported by the facts, and cannot be accepted. 

It would also seem that the phylogenetic history of the pectoralis 
minor presents a gap between Metatheria and Prototheria. Either the 
muscle has appeared suddenly in the former, or else it is represented in the 
latter by some structure hitherto not clearly recognised. Its neighbour, the 
pectoralis major, however, can be traced much further back, and Humphrey 
(11) has clearly described its history from the lowest vertebrates. It 
suggests itself as possible that this story might give some clue to that of 
the pectoralis minor. 

Humphrey’s portrayal of the appearance of the pectoralis major is as 
follows:—In the most primitive types of vertebrate animals the body 
musculature consists of great antero-posterior sheets—a ventral and a 
dorsal. Their course is interrupted. only by segmental septa. There are 
also scapulo-brachial and coraco-brachial sheets of muscle passing from the 
back and front of the pectoral girdle to the back and front of the fin 
respectively. These might be called the intrinsic muscle-sheets of the fin 
or fore-limb. The ventral muscle mass separates into planes by the turning 
obliquely of some of its fibres; thus in Lepidosiren we find a few of the 
outer fibres presenting an obliquity in two planes—the commencing external 
and internal obliques of the abdomen. The third, transversalis, sheet is 
added later. The mesial fibres always retain their antero-posterior direction, 
and form the rectus abdominis of higher forms. Such an arrangement 
permits of very limited use only of the fin or fore-limb, and with more 
active movement and adoption of terrestrial life the intrinsic muscle-sheets 
become inadequate, and an extrinsic muscle must be added. This is readily 
obtained by deflecting fibres of the ventral sheet opposite the limb and 
attaching them to the ventral mid-line (sternum) and top of the first 
segment of the fore-limb, where the radial tuberosity of the humerus is 
formed for their reception. “In the limbless saurians” this is unnecessary, 
and “the rectus abdominis is not separated from the cervical portion of the 
ventral muscle by an intermediate, transverse (pectoral) portion.” 
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It is clear from Humphrey’s observations that the ectopectoralis is 
merely a rotated portion of the superficial layer of the great antero-posterior 
“rectus” muscle of the abdominal surface. It immediately suggests itself 
that the entopectoralis might well be a portion of a deeper layer of the 
same sheet rotated in a precisely similar way. Investigation proves that 
this hypothesis is supported by the facts. 

The condition of the muscles in Lepidosiren is described by Humphrey 
thus :—“ As it approaches the fore-part of the animal, the muscle gives off 
a superficial stratum which is thin and partly membranous. It separates 
from the deeper stratum of the ventral muscle a little behind the level of 
the pectoral fin, at one of the septa, and is thenceforward connected with 
the deep stratum only by loose areolar tissue, so that it is easily dissected 
away. It retains the transverse septa, and, advancing forwards, expands 
as a continuous sheet upon the shoulder-girdle and the hinder aspect of 
the base of the fin. . . . It may be called the superficial brachio-cephalic 
stratum of the ventral muscle, to distinguish it from the deeper stratum 
of the same muscle, which also passes to the limb-girdle, limb, and head, 
and which may be called the deep brachio-cephalic stratum. The upper 
portion of this (the superficial stratum), the portion that is nearest to 
. the lateral septum . . . represents the latissimus dorsi. The next portion, 
a little more ventrally situated, is attached to the under surface of the 
fin and its first cartilage, and to the anterior edge of the shoulder-girdle 
(the coracoid*), beneath the fin. This portion of the stratum corresponds 
with the pectoralis major. Still more ventrally the fibres pass onwards 
and. form a superficial ventral muscle. ... The deep brachio-cephalic 
stratum of the ventral muscle, the part that is beneath the whole of the 
superficial stratum just described, is far thicker than it, and is marked by 
septa in its whole length. In its course it encounters three bones in 
succession, each of which is in the line of one of its septa and involved 
in it. The first of these bones resembles a rib. . . . This view is confirmed 
by the fact that a short, thick muscle here separates itself from the rest of 
the deep stratum of the ventral muscle and passes from the bone in 
question to the under surface of the scapular part of the shoulder-girdle, 
representing pretty clearly the serratus. This deep stratum of the 
ventral muscle next comes into contact with the coracoid, which is 
connected with one of its septa, much in the same manner as the ribs 
are connected with the septa of the ventral muscle; that is to say, the 
coracoid is an ossification in the deepest part of the septum. Many of 


1 It is of interest to note in this connection that an occasional attachment of the 
pectoralis major to the coracoid process has been observed as an anomaly in man, while 
it is rather extensively inserted on to that process in Tatusia novemeinceta (fig. 6). 
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the muscular fibres are inserted into it. The greater portion of the fibres, 
however, run superficial to the coracoid on to the hyoid, constituting a 
deep cervical muscle.” 

Here, then, Humphrey shows us a rectus abdominis inserted partly 
on to the coracoid process, while its course is partly interrupted more 
caudally by the ossifications in its septa which constitute the ribs. This 
portion of the muscle lies deep to that part of the superficial stratum 
which has already been definitely segregated as the ectopectoralis. It 
is attached caudally to the mesial ends of the ribs and cephalically to 
the coracoid. It is only required to develop the bony septa more com- 
pletely, to differentiate the muscles from one another further, and to 
reduce the attachment to the lower ribs. and this condition is converted 
to the human type of pectoralis minor (see figs. 2 and 3). 

If the entopectoralis be derived from the cephalic part of the rectus 
abdominis in the manner described, the next stage in development should 
show an entopectoral rising from the ribs and inserting into the coracoid, 
while the rectus gains insertion on the same ribs as those from which the 
entopectoral arises. Since in the Prototheria the rectus is inserted into 
the coracoid just as in Lepidosiren, one would expect to find such an 
arrangement as this among the more lowly Theria. The required condition 
is, in fact, found in such mammals as Tatusia novemeincta, Galeopithecus 
volans, Tarsius spectrum, and Tupara ferruginea. 

In Tatusia (fig. 5) rectus is inserted into the lower border of the first 
rib, and from the upper border of that rib the entopectoralis passes to the 
coracoid. 

In Galeopithecus (fig. 4) the lower costal margin, which receives the 
insertion of rectus, also gives origin to the entopectoral. 

In Tarsius spectrum the superficial, mesial, and all the lateral fibres 
of the abdominal muscle pass without interruption into the thoracic, so 
that it is impossible to tell where rectus ends and entopectoral begins. 
On reflection of the muscle, however, it is seen that the deeper mesial 
fibres are inserted and rise again from the lower costal margin. It is 
evident that the human type of pectoralis minor should be placed here. 

In man, neither the highest nor the lowest rib marks the recommence- 
ment of the fibres, but a variable number of intermediate ribs. Kazzander 
(24) has shown that connecting fibres may very frequently be demonstrated 
between the human rectus and pectoralis minor. He also appears to have 
come to the conclusion that rectus was originally inserted on the shoulder- 
girdle, and that its insertion is now represented by the pectoralis minor 


muscle. 
We find, then, in man the same type of muscle as in these lowly 
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mammals, and in them the supposed “secondary arrangement” of man. 
There are two possible explanations of this fact: (a) that man and the 
higher apes have retained throughout a primitive condition; and (b) that 
they have for some functional or structural reason returned to a long- 
lost type. Professor Huntingdon has supplied for such a case the general 
rule, that “return to the primitive condition for an entire group of 
individuals composing the species or genus is the less warrantable sup- 
position.” To this statement must be added Dollo’s law of the 





Fic. 4.—Galeopithecus volans, showing the next stage in 
the formation of an entopectoralis. The coracoid has 
regressed laterally, and the rectus fibres gain partial 
attachment to the costal margin and then pass up- 
wards and outwards to the coracoid process. 


R., rectus ; En., entopectoralis. 


irreversibility of evolution, quoted by Osborne in his Age of Mammals, 
where he points out its importance in connection with primitive traits 
in man. This law states that “evolution, while frequently reversible 
in conditions of environment and adaptation, is irreversible in animal 
structure.” Moreover, man has retained in a similar manner so many 
highly primitive characters connected with the fore-limb, that there need 
be no hesitation in adding this muscle to the list. 

Since the splitting of rectus into two masses is first brought about 
by the intervention of ribs, the sternal origin is probably a secondary 
attachment, firmer and more advantageous for a muscle which is to act 
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on the fore-limb. Migration of origin back to the sternum and migra- 
tion of insertion down from the coracoid do not seem to be correlated in 
any way. 

If the coracoidal insertion be primitive and the humeral insertion 
secondary, what reason can be adduced for the migration of the muscle 
insertion? Migration has taken place in animals of such widely different 
habits and environment that a purely functional cause would be hard to 
find. One is therefore led to the more plausible explanation of skeletal 
modifications demanding correlated muscular adaptations. A survey of 








Fie, 5.—Origin of the pectoral muscles in Tatusia 
novemcincia. The rectus abdominis and 
cephalic entopectoral meet on the first rib. 


the condition of the coracoid process throughout the mammalia reveals 
a clear history of diminution and regression. 

In the Prototherian mammals, as in the Reptilia, the coracoid is a 
large, flat element articulating with the sternum and the scapula. Its 
connection with the scapula is maintained, since it forms with that 
element the glenoid cavity of the shoulder-joint. In the course of phylo- 
genetic history the element becomes reduced in size, losing its relation 
with the sternum, but becoming fused with the scapula. Ultimately it 
becomes reduced to a mere tubercle above the glenoid cavity, occupying 
a lateral position in the girdle. Such a condition may be seen in the 
Ungulates and in some of the terrestrial Carnivora, such as Ursus ameri- 
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canus. When the coracoid is a large, flat element, articulating with the 
sternum in the mid-ventral line, the rectus abdominis is conveniently 
inserted into it. But when the element begins to diminish in size and 
migrate laterad, the rectus fibres are of course carried out with it, so that 
rectus now acts on a process which is part of the mobile fore-limb girdle. 
(The reduction of the coracoid is almost certainly a part of the process 
of change in form which enables the mammal to use its fore-limb so much 
more extensively than the lizard can.) This insertion must prejudice the 





Fic. 6.—Insertion of the pectoral muscles in Tatusia 
novemeincta, viewed from the deep aspect, with the 
entopectorals turned back. Note the insertion of the 
entopectoral to the coracoid process. 


Cd.En., caudal entopectoral; Ce.En., cephalic entopectoral ; 
D., deltoid ; Cps., capsule of shoulder-joint ; Cl., cut clavicle. 


primitive and proper function of the muscle, that of forming a strong 
support and protection for the abdomino-thoracic cavity. The obvious 
solution of the difficulty is for that portion of the muscle to act as the 
more lateral part had already done, and gain insertion to one or more of 
the numerous ribs now present in its septa, so that rectus regains its 
antero-posterior direction, while from the other side of that rib or ribs 
arises the obliquely placed entopectoral muscle of the thorax, still inserted 
on the coracoid process (e.g. Tatusia, Galeopithecus, figs. 4, 5, and 6). 

Then the coracoid diminishes still further in size. It seems obvious 
that if a large process to whicha muscle is attached dwindles to a mere 
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tubercle, the insertion of the muscle in question, unless dwindling itself, 
must be shifted. In the case of the entopectoral there are three possible 
directions for migration—upwards, downwards, and inwards. Outwards 
it can only go as far as the acromion, and this is really included in what 
I have called the upward migration. It is to be expected that the inward 
direction would be the least popular, as this implies reduction in length 
of the fibres and loss of function by loss of influence over the fore-limb 
girdle. , 

A general survey of the mammalian phylum reveals the fact that each 
of these three possible directions has been attempted in various forms, 
the functional life of the particular type probably determining which 
should be the one chosen. 

The condition brought about by inward migration is represented in 
almost all animals by the swhclavius, which constitutes the most mesial 
fibres of the entopectoral mass, very early pushed off the coracoid, rising 
from the highest rib, and, owing to their mesial position, having no other 
route open to them than inward migration along the clavicle. The sub- 
clavius is undoubtedly a part of the entopectoral sheet, but it is very early 
segregated, being present in monotremes as a distinct muscle. Very rarely 
it retains the primitive insertion to the coracoid, and then only when 
the other part of the entopectoralis has completely left that process. 
Cheiromys (Owen (8)), Phascolarctos, and the Virginian opossum Didelphys 
virginiana may be cited as examples of this method, and also the Ai, 
or three-toed sloth, according to the account given by Humphrey (30). 

Next to subclavius in the complete entopectoral musculature come 
fibres which represent that part of the sheet normally wanting in man, 
abnormally present as the pectoralis minimus, described under that name 
in certain animals (e.g. Petrogale--Parsons (14)). Its origin is on the 
first rib lateral to subclavius, and if not attached to the coracoid it may 
follow the neighbouring fibres down to the top of the humerus or up 
over the scapula. Some observers have not considered this part sufficiently 
segmented to deserve a special name, and merely state that the pectoralis 
minor or cephalic entopectoral rises from the first as well as the suc- 
ceeding ribs (e.g. Sisson in his Veterinary Anatomy). Occasionally it may 
be the only representative of the cephalic entopectoral present. Its con- 
dition varies with the degree of development of the neighbouring parts of 
the muscle. At this point may be mentioned the abnormal costo-coracoideus 
and pectoralis minimus, which take the place of the usual costo-coracoid 
ligament and membrane and represent this part in man. 

Proceeding more laterally in the entopectoral mass we come to that 
part of it which is the true definitive pectoralis minor, or cephalic ento- 
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pectoral, the central part of the old rectus abdominis, and that part which 
remains longest on the coracoid. Only in animals whose coracoid is 
reduced to a small proéess do we find this muscle attached elsewhere. 
When it is forced to migrate, the three possible directions are open to it 
without the decisive factor which determines the fate of more lateral or 
more mesial fibres. As was anticipated, the inward migration is the least 
common. It is found, according to Professor Parsons, in a few rodents, 
such as the Chinchillide, Dasyproctide, and Bathyergus. In the last is 
described a “pectoralis minor inserted on the outer half of the clavicle.” 
Such an insertion means loss of influence over the movable fore-limb, and 
this seems the reason for an attempt at compensation in the presence of a 
sterno-scapularis muscle—an arrangement by which some of the fibres of 
the pectoral mass pass over the shoulder to the back of the scapula, thus 
forming a mixed migration of the cephalic entopectoral, partly inwards, 
partly upwards. The woward migration is characteristic of the Ungulates, 
and it seems to be those rodents particularly which run, rather than burrow 
or climb, which have the sterno-scapularis approximation to this type. 
Presumably these are the forms which have retained in greatest degree 
the habits and structures of those forms from which the Ungulates are 
thought to have sprung: agouti, rabbit, and guinea-pig are among them. 
In the rabbit the entopectoral is small: it rises from the first rib, passes up 
to the shoulder, and then spreads out in a very thin musculo-fascial sheet 
which extends back to the postero-superior angle of the scapula. The 
agouti is precisely similar. In the guinea-pig the muscle rises from the 
lower end of the sternum, and goes chiefly to the coracoid and only slightly 
passes over the supraspinatus. 

For the typical swift-footed Ungulate may be quoted Sisson’s account 
of the arrangement in the horse (38): “The anterior deep pectoral (cephalic 
entopectoral) has origin from the anterior half of the lateral surface of the 
sternum and the cartilages of the first four ribs. Its insertion is to the 
aponeurosis which covers the supraspinatus at its dorsal end, and to the 
scapular fascia. It describes a curve, convex anteriorly, over the front of 
the shoulder. It is loosely attached to the supraspinatus, and terminates 
in a pointed end which becomes more firmly fixed near the cervical end of 
the scapula” (cf. fig. 7b of pig). In some cases it is lost in fascia early in 
its course ; in others it may be traced as a discrete band right to the posterior 
angle of the scapula. 

Exception must be made of the hippopotamus, of which animal Leche 
says that a muscle springs from the manubrium and first costal cartilage 
and is inserted to the coracoid process, acromion, and supraspinatus fascia. 
This appears to be the only case among the Ungulates where the cephalic 
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entopectoral has not proceeded upwards over the shoulder. If the suggested 
reason for the migration of the entopectoral insertion be correct, this 
animal should also form an exception to the correlated rule of excessive 
diminution in size of the coracoid process. This is found to be the case, as 
Flower, in his Osteology of the Mammalia, makes exception to his general 
description of the scapule of this order by saying of the hippopotamus 
that in this animal “the coracoid is rather long and upturned.” 

Both the clavicular and scapular insertions of pectoralis minor have been 
noted as a rare anomaly in man, and the former has been observed in the 


gibbon also (26, 27, 28, 31). 
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Fic. 7.—Pectoral muscles in (a) a 14 mm. pig embryo, and (5) a newly-born 
pig, showing the adult condition. Note the relative descent of the 
insertion of the caudal entopectoral and the migration of the cephalic 
part over the shoulder to the postero superior angle of the scapula. . 
Ongulate type, upward migration. 


The third direction for migration of the pectoral insertion and the most 
common is downwards over the capsule of the shoulder-joint to the humerus 
beneath the ectopectoral. This is the form characteristic of the Carnivora, 
as in the cat and bear (figs. 8 and 9d). Parsons and Windle (16) describe a 
similar insertion for the Carnivora dissected by them, but note that in a 
few cases there is a capsular insertion, and “occasionally some of the deeper 
fibres of the mass are inserted into the region of the coracoid process, but 
they are not constant even in different specimens of the same animal.” 
These anomalous fibres at once suggest a reversion to an older coracoidal 
insertion. 

The humeral insertion is the one towards which the Rodentia, Insectivora, 
and Primates are inclining, but in these animals the insertion seems to be 
still in process of migration. The coracoid process has, one supposes, but 
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recently become reduced, and in most species is not nearly so small as in the 
majority of Ungulates and Carnivora. Very often the cephalic entopectoral 
insertion includes coracoid process, capsule, and humerus, or two of these. 
Sciuromorpha, Rhyzomys, and Georychus, among the rodents, have coracoid 
and capsular insertions ; the gerbille, rat, and mouse, capsular and humeral ; 
while Cricetomys, Myoxus, and Heteromys have all three. (The authority 
is Professor Parsons.) In the Hystricide only has it reached the humerus 
completely. That the sterno-scapularis is an attempt to compensate for 
loss of influence over the fore-limb is confirmed by the fact that in this one 





Fic. 8. —Pectoral muscles of Ursus americanus. 
Carnivore type, downward migration. 

Ec.S,, ectopectoralis superficialis ; Ec.P., ectopectoralis pro- 
fundus; Ce.En., cephalic entopectoral; Cd.En., caudal 
entopectoral; E.A.T.,1.A.T., external and internal 
anterior thoracic nerves ; I.C. 3-5, intercostal nerves. 


case only (Hystrix) throughout the mammals is it found when the ento- 
pectoral has descended to the humerus. 

The Insectivora show the same intermediate state. In Tupaia the 
muscle is attached to both bones over the capsule, while in Galeopithecus 
the insertion is still wholly coracoidal (fig. 4). In Gymnura and others 
there is insertion into the capsule, while the majority have humeral 
attachment (Dobson (17)). 

Primates show a similar condition. The Lemuroidea have a variable 
insertion to humerus and capsule. The entopectoral of Lemur catta is 
described by Murie and Mivart (18) as a strong, thick muscle arising from 
the 2nd to the 6th ribs and the sternum, and passing to the capsular 
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ligament of the humerus. Van der Kolk and Vrolick (19) state that in 
Loris it is inserted into the internal tubercle previously passing before the 
coracoid process. Huntingdon (2) describes Lemur brumeus as similar to 








Fic. 9.—Pectoral muscles of kitten embryos in the 50 mm. and 80 mm. stages, 
and of the 1-day kitten and adult cat, showing the migration of the cephalic 
entopectoral down from the coracoid process to the humerus. 


Lemur catta. Owen (9) gives a humeral attachment in Cheiromys. 
Luce (20) is the only observer who gives a coracoidal insertion among 
lemurs; this he does for Lemur macaco. Huntingdon, however, in 
quoting this statement shows some doubt as to the trustworthiness of the 
observation. In Galago the cephalic entopectoral rises from the side of the 
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sternum and passes to a capsular insertion over the great tuberosity. The 
coracoidal insertion is the rule in gorillas and the exception in chimpanzees, 
occurring in eight out of nine in the former and seven out of eighteen in 
the latter (Keith (21)). 

The accompanying table gives a rough idea of the comparative size of 
the coracoid process in a number of mammalian scapule. It shows clearly 
that, as a general rule, the large coracoid is correlated with the coracoidal 
insertion of the cephalic entopectoral. The rule is only violated by a few 
species which have apparently rather small coracoid processes and yet have 
some coracoidal insertion. These exceptions are all lowly mammals. It 
is well known that there is a tendency to retain a primitive condition as 
long as possible, relinquishing it only when circumstances force a change. 
These apparent exceptions, therefore, give evidence in favour of the cora- 
coidal insertion being primitive and only lost under stress of circumstances 
in specialised mammals. 

It has been suggested that the Insectivora, Primates, and some rodents 
have the cephalic entopectoral in process of migration, the coracoid having 
but recently become reduced. Of these the only one in which individual 
variation can be recorded is man. The table shows the wide range of 
variation in the size of the coracoid process of the human subject, and 
muscular variations in the pectoral group are of comparatively frequent 
occurrence. It seems highly probable that any humeral insertion of the 
pectoralis minor in man could be shown to be correlated with a particularly 
small individual coracoid process. 

This part of the entopectoral sheet may be absent, but rarely. It is 
not present in the Cheiroptera, where there is a long gap between the 
subclavius and caudal entopectoral, nor in Bradypus, Chlamydophorus (37), 
or the elephant (29). Shepherd (22), in describing the black bear, speaks of 
“pectoralis minor rising from the Ist costal cartilage and first piece of the 
sternum, and ending in a tendon which is inserted into the upper end of 
the bicipital groove of the humerus.” Windle remarks of this description 
(25) that the muscle in question is evidently a pectoralis minimus rather 
than a pectoralis minor. I am unable to reconcile Shepherd’s account with 
my own dissections of the black bear. The muscles he describes are 
present, but there is in addition a large and well-formed true pectoralis 
minor. The full musculature is as follows (fig. 8) :— 

The ectopectoralis superficialis rises from the whole length of the 
sternum and the 8th, 9th, and 10th rib cartilages caudal to the entopectoral. 
It passes to the outer side of the shaft of the humerus above the mid-point 
of the arm, where it is inserted by a deep tendon which crosses the lowest 
part of the tendon of origin of biceps. 
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CoRACOIDAL INDICES. 











Anthropopithecus niger (two specimens) 

Homo sapiens : 
female subject in dissecting-room, 1916 
average, from 111 to 129 
Bushman (one) * 

Cheiromys 4 : : 

Cebus capuchinus . . 

Loris gracilis 

Hapale jacchus . 

Galago crassicaudatus 

Lemur catta ; 

Sciurus vulgaris - : : : 

Simia (four specimens ; average) ~ 

Galeopithecus volans °. ‘ : 

Cynocephalus anubis . 

Macacus nemestrinus . 

Lepus cuniculus (three) 

Tupaia ferruginea 

Phascolomys vombatus 

Erinaceus europa 

Tatusia novemcincta . 

Elephas indianus ; 

Hippopotamus amphibius . 

Papio mormon . 

Perameles lagotus 

Viscacha . : . 

Felis domesticus 

Dama vulgaris . ; : 

Thylacinus cynocephalus 

Canis familiaris . - 

Chinchilla tanigera 

Pedetes caffer 

Ursus americanus 

Bos taurus 

Dasyprocta agouti 

Sus . : . 

Felis leo 

Cavia g 

Dasyurus ursinus 

Didelphys virginiana 
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131°2 
128°5 and 121°2 


139 
115 
103°4 
126°3 
125 
120 - 
116°6 
112°5 
115°7 
110 
101°17 
100 


85'1 
80, 81°8, and 82°5 
; Bl 
75 
72°4 
71°4 
66°6 
66°4 
64 
59°3 
57°1 
57°1 
55°45 
53°5 
51°8 
51°77 
50 
50 
46 
44°7 
41°5 
41°5 
41°3 


38°4 
36, 35, and 37°5 
36°3 





Specimen. Index. Insertion of Entopectoralis. 
Brachyphylla cavernarum . : : , 175 Absent. 
Anthropopithecus gorilla (average of four, 
varying from 110°2 to 148°3) ma Coracoid, 


Coracoid or humerus. 


Coracoid. 


Caudal part on coracoid. 
Capsule. 

Capsule. 

Humerus, 

Capsule. 

Capsule. 

Coracoid and capsule. 


Coracoid. 
Capsule. 
Capsule and humerus. 


| Scapula (coracoid in foetus). 





Coracoid. 

Coracoid. 

? Capsule. 

Coracoid and capsule. 
Absent. 

Coracoid. 

? Capsule, 


| Coracoid. 


Coracoid (and Ist rib), 

Humerus (coracoid in fotus). 
? Scapula. | 
Coracoid and humerus. 
Humerus. 


Clavicle and scapula. 

Humerus. 

Humerus. 

Scapula, 

Scapula and clavicle. 

Scapula. 

Humerus. 

Coracoid and scapula. 

Humerus. 

Absent, but subclavius is on 
coracoid, 


Table giving a rough idea of the relative size of the coracoid process in a series of animals, with 


the condition of the cephalic entopectoral. 


The variable nature of the scapula in form and size 


among the various genera renders it difficult to find any satisfactory standard measurement with 


which to compare the coracoid process. 


This table has been drawn up by means of a coraco-glenoid 


index, obtained by comparing the maximum length of the coracoid process from its free tip to the 
anterior border of the suprascapular notch with the maximum diameter of the glenoid cavity. 

It must be remembered that in most cases it was only possible to measure one specimen ; when 
the extensive individual variation in man and the higher apes is seen, it is at once realised that’the 
figures can only give an approximate idea of the condition of the coracoid in the various species. 
It is probable, however, that the size is more constant in animals with a more specialised and fixed 
type of fore-limb than that of the Primates. 
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The ectopectoralis profundus rises from the sternum opposite the Ist 
costal cartilage, deep to the highest fibres of the ectopectoralis superficialis. 
It is inserted into the highest part of the humerus, directly above and 
continuous with the superficial portion of the ectopectoralis superficialis. 
This is the muscle described as the pectoralis minor by Shepherd; but its 
insertion, and the fact that it receives its nerve supply by a twig from the 
external anterior thoracic, as well as the presence of a well-developed 
pectoralis minor in addition, shows clearly that this cannot be the case. 

The cephalic entopectoral rises from the 3rd to the 7th costal cartilages, 
near the sternum, and passes to the extreme cephalic end of the humerus, 
deep to the ectopectoralis profundus. It receives a branch from the 
internal anterior thoracic nerve, and twigs from the intercostals 

The caudal entopectoral rises on the abdomen, and is accompanied 
across the biceps muscle to its insertion by a well-developed Achselbogen 
slip of the latissimus dorsi, to which it is closely adherent. It is supplied 
by the internal anterior thoracic nerve. 

The most lateral fibres of the transformed rectus constitute the caudal 
entopectoral, sometimes described as “pectoralis abdominis.” It is eatly 
pushed off the coracoid, and owing to its lateral position cannot do other- 
wise than follow the downward migration over the capsule. It is there- 
fore always inserted on the humerus when not retaining its primitive 
attachment to the coracoid. As a direct result also of its lateral position it 
is the last part of the muscle to lose its direct connection with rectus, and 
its fibres suffer least rotation. It is more often absent than the cephalic 
entopectoral, which is almost always distinctly segmented from it, though 
the attachments are often directly continuous. Thus in the horse, where 
the cephalic entopectoral is attached to the first four ribs, the caudal 
portion rises from the 4th to the 9th, the ventral aspect of the sternum, the 
xiphoid, and the abdominal tunic. Its insertion in this animal is to the 
internal tubercle of the humerus, the external lip of the bicipital groove, 
and the tendon of origin of the coraco-brachialis (Sisson). The last attach- 
ment indicates its original insertion to the coracoid process. 

In order to complete the description of the full entopectoral muscula- 
ture, that portion referred to in classification as entopectoralis profundus 
remains to be described. It is not without many descriptions in myological 
literature, but is not usually classed with the pectoral musculature. A 
specimen of Cebus capuchinus dissected by the writer will serve for a 
typical account of this curious slip of muscle (fig. 10). 

In this animal the mesial part of the obliquus externus is directly 
continued upwards over the thorax as a “sternalis” which gains some 
attachment to the 5th and 6th ribs and proceeds forwards. The lateral 
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fibres pass deep to (though partly connected with) the aponeurotic origin 
of the cephalic entopectoral, and reach the Ist costal cartilage. The 
mesial fibres join the entopectoral at an angle. From this point the 
pectoralis minor divides into two lamingze—a superficial and a deep. The 
superficial, true cephalic entopectoral passes across to the upper part of 
the humeral shaft, and the deep one is inserted on the first rib lateral to 
the origin of the subclavius. The pectoral nature of this costal slip seems 
indubitable, and it constitutes a fairly constant portion of that sheet, rising 
from the sternum opposite the 3rd and 4th costal cartilages and being 





Fic. 10.—Pectoral muscles of Cebus capu:hinus, show- 
ing the ‘‘ entopectoralis profundus” slip passing 
from the cephalic entopectoral to the 1st rib. 


Scl., subclavius ; Sc. M., scalenus medius, 


inserted on the Ist rib. Itis obviously continuous with the external oblique 
of the abdomen, many of the tendinous fibres being carried on with- 
out interruption. For this reason it has been described frequently (eg. 
MacCormick (34)) as a “sternalis.” Whether it should be regarded as such 
or among the pectoral group is really a question of little magnitude when 
the origin of the pectoral muscles from the superficial layer of the rectus 
abdominis and the relation of this with the external oblique is considered. 
The condition found in Perameles rather suggests that it should be regarded 
nore in the light of a delamination from the entopectoral after that muscle 
has been differentiated, than as a prolongation of the external oblique 
bearing no relation to the pectoral musculature. In this animal the 
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cephalic entopectoral is formed of two lamine rising from the sternum. 
The superficial one is like any other marsupial pectoralis minor, passing 
to the coracoid and capsule. The deep one has shrunk away from the 
coracoid and is inserted on the humerus. It seems possible that in the 
more specialised marsupials a further shrinkage (or shrinkage in another 
direction) of the same muscle fibres has resulted in a deep lamina of the 
cephalic entopectoral inserted on the 1st rib. 

A muscle precisely similar to that in the Cebus is the rule among the 
marsupials. It is described by MacCormick (34) for Dasyuwrus viverrinus 
and Phalangista vulpina, and has been noted by the writer in Dasyurus, 
Didelphys virginiana, and the Tasmanian wallaby. 

The condition has been inherited by all the Carnivora (16, part 2, 1898). 
It is described by Parsons and Windle, under the name of “ supracostalis,” 
as constant in all the animals dissected by them, passing from the 2nd and 
3rd costo-sternal junctions to the 1st rib. 

In describing the myology of the rodents, Parsons remarks that in the 
viscacha “it (the muscle corresponding to the pectoralis minor) is inserted 
into the coracoid process and first rib external to the origin of subclavius.” 

This seems to be identical with the cases of entopectoralis profundus, 
described above. Professor Parsons does not describe a supracostalis in 
any rodent. 

In the more primitive mammals (e.g. Galeopithecus) it is impossible to 
tell whether the muscle found beneath the ectopectoral is “cephalic” or 
“caudal” entopectoral. There is only one mass, partly continuous with 
rectus, i.e. arising on the abdomen as well as from ribs, and inserting on 
the coracoid. ‘This sheet represents both portions before segmentation has 
taken place, and corresponds with the condition found in the 30-mm. 
kitten embryo (fig. 4). 

If this, primary coracoidal, secondary humeral, clavicular, or scapular 
insertion, be true phylogenetic history, it should stand the test of onto- 
genetic history as well. The cephalic entopectoral—last to migrate from 
the coracoid—should be found attached to the coracoid in embryonic stages. 
This, in fact, proved to be the case in all the embryos examined. The best 
demonstration was that provided by a series of foetal kittens (fig. 9). Ina 
30-mm. specimen the structures are too small to be defined with certainty 
by naked-eye examination, but it seemed almost certain that the caudal 
entopectoral accompanied the cephalic part to the coracoid, so that the whole 
entopectoral has a coracoidal insertion. In the 50-mm. stage (fig. 9a) there 
was no doubt that the cephalic portion is attached above the shoulder-joint. 
In an 80-mm. foetus (fig. 9b) it passes just between the two bones, being 
attached to the capsule. In a one-day kitten (fig. 9c) the insertion is to 
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the highest part of the outer lip of the bicipital groove and the fascia over 
the great tuberosity; while in the adult cat (fig. 9d) the attachment is 
definitely humeral, to the tuberosities and the bone below. The caudal 
portion also migrates downwards on the humerus in the course of develop- 
ment. This series seems almost enough in itself to contradict the theory 
of upward migration. 

A 50-mm. foetal rabbit shows numerous muscular fibres (no mere fascial 
connection) sent down to the region of the coracoid process as the greater 
mass of the fibres passes over to the back of the shoulder. There is no 
trace of any such connection in the adult animal. 

Precisely the same condition is to be found in the feetal calf. 

Some foetal pigs examined were not young enough to show a coracoidal 
insertion, but were interesting as demonstrating a distinctly higher inser- 
tion of the caudal portion on the humerus in the 14-mm. as compared with 
the full-term stage (fig. 7). 

Lewis (23) has worked on the embryology of the human pectoral muscles, 
and describes them as beginning as a muscle mass in the neck region and 
gradually shifting caudad—a direct contradiction of upward migration in 
phylogeny. He adds that in the pectoral migration the deeper planes are 
arrested earlier, while the superficial fibres continue to descend and overlap, 
which explains why the adult ectopectoral is found on the humerus and the 
entopectoral on the scapula. 

In considering the morphological identity of muscles, the nerve supply: is 
commonly regarded as the supreme test. 

The primitive ventral muscle was presumably supplied by segmental 
nerves, and that part which was destined to become entopectoral received 
contributions from the 5th, 6th, 7th, and 8th cervical nerves and 
upper dorsal. The highest part received the highest nerves, the nerve 
supply being serial antero-posteriorly. Such a condition is diagrammatically 
represented in fig. lla. Then rotation of the muscle fibres takes place, and 
those fibres which were originally most mesial are now the most anterior, 
and the most lateral fibres of the old rectus come to occupy the most 
posterior position. If, after the rotation, the original nerve supply were 
maintained, the condition shown in fig. 11b would be found. Such, however, 
is not the case, and a corresponding rotation of ‘nerve supply takes. place 
with the muscular rotation. 

The result is that the most anterior fibres receive finally the most 
anterior nerves, and so on, as in the primitive condition, although those 
fibres are not the same fibres that were most anterior when there was an 
undifferentiated rectus inserted on the coracoid. Fig. 1le illustrates the 
definitivearrangementofnervesupply in a differentiated pectoral musculature. 
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The highest part, representing subclavius, is supplied by C. 5 and 6 through- 
out. ‘The same nerves, with the addition of the next lower, C. 7, supply the 
highest part of the cephalic entopectogal sheet, the pectoralis minimus 
part, which is missing in man; its nerve still passes through the gap filled 
by the costo-coracoid membrane. The cephalic entopectoral receives the 
8th cervical and 1st dorsal nerves, which become involved in the brachial 
plexus and pass to the muscle as the internal anterior thoracic nerve. 
(In monotremes the external anterior thoracic nerve is differentiated 
for the supply of the ectopectoral; but since there is no differentiated ento- 
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Fic. 11.—Diagram showing the change in nerve supply owing to rotation of the muscle 
fibres (A and C). B shows the condition which would hold were the original nerve 
supply adhered to. 


pectoral, there is no differentiated internal anterior thoracic nerve. The 
upper part of the rectus receives, presumably, serial twigs from the lower 
two cervical and upper dorsal roots.) The caudal entopectoral receives the 
next two or three dorsal nerves, while the succeeding ones end in rectus. 
This continuous series of nerves can be seen in many animals. Sisson 
describes it for the horse, dog, and ox, where branches from the 7th and 
8th cervical and 1st dorsal roots supply the entopectoral through the 
internal anterior thoracic nerve, while the 2nd to the 6th dorsal in- 
clusive supply it directly from the intercostal nerves. In Trichoswrus vul- 
pecula the entopectoral receives branches from the intercostal nerves as far 
as the 6th and the 7th, and succeeding ones end in rectus. In the black 
bear the entopectoral is supplied by the 3rd, 4th, 5th, and-6th intercostal 
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nerves, as shown in fig. 8. Small twigs can be demonstrated passing into 
the muscle as the nerve traverses its substance. 

Gaps in serial nerve supply arg due in various animals to gaps in the 
muscular fibres, as compared to the full entopectoral musculature, where a 
portion between the subclavius and the pectoralis minor, for instance, has 
for some reason atrophied. In man that portion supplied by the 3rd and 
4th dorsal nerves is wanting, since the 5th intercostal supplies the upper 
end of the rectus, and nothing below the second dorsal can be traced to the 
pectoralis minor. There is, in fact, atrophy of the most caudal fibres of the 
entopectoral. 

An interesting intermediate condition between the completely serial 
nerve supply and the differentiation of two nerves only from the brachial 
plexus for the supply of the pectoral muscles is seen in Trichoswrus vul- 
pecula, in which three anterior thoracic nerves are present, one proceed- 
ing from each trunk. 

The external anterior thoracic is given off from the outer cord, formed 
by the junction of the anterior divisions of the upper and middle trunks in 
the usual way, and supplies the deep ectopectoral, ending in the superficial 
ectopectoral. The middle anterior thoracic nerve rises directly from the 
middle trunk very early in its course; it pierces and supplies the cephalic 
entopectoral, and ends in the superficial ectopectoral. Two communications 
join it to the external anterior thoracic and one to the internal anterior 
thoracic nerve. The latter arises from the anterior division of the caudal 
entopectoral as usual, but. divides into branches for the supply of the caudal 
entopectoral and Achselbogen. 

In conclusion, I wish to express my gratitude to Dr Colin Mackenzie 
for the generous use of his Prototherian and Metatherian material, and to 
Professor Keith for permission to examine the scapule in the collection of 
the Royal College of Surgeons Museum. For all the rest of my material 
I am indebted to Professor Wood Jones, at whose instigation the work was 
taken up in the first place, and without whose constant help, suggestion, and 
encouragement throughout the paper could not have been. 


SUMMARY AND CONCLUSIONS. 


The coracoidal insertion of the pectoralis minor cannot be the secondary 
adaptation it is usually supposed to be, since it is found in many very 
primitive mammals and is also primitive ontogenetically, the insertion to 
the coracoid being found in early embryological stages when the muscle 
subsequently migrates during embryological history to the humerus or 
other point of attachment. 
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The entopectoral sheet, like the ectopectoral, is derived from the thoracic 
part of the ventral rectus abdominis muscle, which is primitively inserted 
on the large, ventrally-placed coracoid. The lateral regression of the cora- 
coid process causes rotation of these fibres and loss of function of the rectus 
abdominis, which thus becomes inserted on the mobile girdle. The rotated 
fibres therefore separate off from the rectus and form the entopectoral. 
The diminution in size of the coracoid process demands migration of the 
entopectoral insertion. The most mesial fibres are pushed off mesially and 
form subclavius; the most lateral fibres are forced off laterally and form 
the abdominal pectoral. The middle fibres retain their coracoidal insertion 
as long as possible, and when forced to migrate may do so mesially (rodents), 
laterally (carnivores), or upwards (ungulates). Primates and Insectivora 
usually show a close approximation to the primitive coracoidal insertion, 
but the tendency is to the downward (lateral) migration. 

The nerve supply of the primitive rectus muscle was serial antero- 
posteriorly ; the nerve supply of the differentiated pectoral musculature is 
also serial antero-posteriorly ; but, owing to the rotation of the muscle 
fibres, there has been a similar rotation in the nerve supply; the nerves 
have also become involved in the brachial plexus, losing their original 
simple serial arrangement. 
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OBSERVATIONS ON THE OMOHYOID MUSCLE. By Txomas 
WALMSLEY, M.D., Senior Demonstrator of Anatomy, University of 
Glasgow. 


In the higher vertebrate groups the cranial extension of the myotomic 
trunk musculature, beyond the region where it is partially interrupted by 
the pectoral girdle and the sternum, is associated in part with the reduction 
of the visceral skeleton, and represents, phylogenetically, an invasion of the 
area of the visceral (spinal, Fiirbringer) musculature of the elasmobranchs. 
Primarily, in accordance with the Gegenbauer-Fiirbringer view respecting 
the relative displacements of the paleocranium and the neocranium, this 
invasion was a dorsal extension of the trunk musculature, such that the 
epibranchial system of visceral musculature was replaced by myotomic 
muscle ; this was succeeded, it is believed at a less remote period, by a 
ventral extension of the trunk musculature involving a replacement of 
the hypobranchial visceral group by the infrahyoid muscle system. This 
system is regarded as being of cervical myotomic origin, and represents an 
extension forwards of the middle layer of the thoraco-abdominal wall, more 
particularly of its antero-medial rectus part. On this hypothesis, which is 
supported by the fact of their innervation being in the cervico-occipital 
(hypoglossal) path, the infrahyoid muscles (and their anterior extensions to 
the tongue and jaw) are accepted as anterior homologues of the rectus 
abdominis—as is expressed in the Gegenbauer view of their morphology. 
In the human subject, however, there is no proof of the myotomic origin of 
the lingual-infrahyoid group; and according to Lewis -(Keibel and Mall, 
vol. i. p. 519), “the lingual-infrahyoid . . . band is probably a ventral visceral 
muscle complex, and in no way connected with the myotomic system.” It 
has been long, then, a difficult problem to estimate to what extent the ventral 
replacement is completed, especially in view of the fact that the visceral 
arches are not in the same plane as the ribs.1_ It seems, however, that the 
manner of development of the human lingual-infrahyoid group should be 
included among those ontogenetic condensations of phylogenetic history 
which are believed to occur among muscle groups. For in Lepidosiren and 
Protopterus the hypoglossal musculature (coraco-hyoid) is separated off 

1 The same difficulty is met with in estimating the morphological values of the nuclei of 


the 11th and 12th cranial nerves, and the occasional intrathecal connections of their roots. 
The Fiirbringer view seems established. 
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from the ventral processes of the last two occipital and the first cervical 
myotomes (Agar, Trans. Roy. Soc. Hdin., vol. xlv. pt. iii.). The infrahyoid 
muscles are, then, of myotomic origin. 

In reference to the more particular definition of the omohyoid muscle 
in this system, the following three anomalous conditions are worthy of 
report, and serve as a basis of comment :— 

CasE 1.—The conditions to be reported in this instance occurred on both 
sides of the neck, and are (fig. 1): presence of the levator clavicule, 
anomalous conditions of the omohyoid, and presence of the costo-scapularis. 


There were no further muscular variations, but the student dissectors had, 
unfortunately, destroyed certain connections of the anomalous muscles 
before they were established. 

Levator clavicule (Omotrachelian).—The levator clavicule, a well- 
developed muscular mass, arose from the posterior tubercle of the transverse 
process of the atlas ventral to the levator scapule, and, passing downwards, 
forwards, and outwards, found insertion on the posterior border of the 
clavicle for about three-quarters of an inch at its outer end. On both sides 
the clavicular insertion of the trapezius, which was observed to be not 
unduly shortened, had to be reflected in order to display the deeper insertion 
of the levator clavicule. The innervation was through direct branches of 
the 3rd and 4th cervical nerves, and the acromial group of the descending 
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cutaneous nerves of the cervical plexus perforated the muscle. The muscle 
is thus of the anthropoid type, retro-transverse in origin and clavicular in 
insertion. 

Omohyoid.— Right side—The omohyoid was in two distinct portions, 
an upper and a lower. Both parts proceeded from a common origin on the 
eranial border of the scapula, from and medial to the suprascapular ligament. 
The upper portion, comparable in size to a normal omohyoid, passed 
without the usual “angled” relationship of its parts more or less directly 
to its complete insertion on the hyoid bone. The muscle possessed a 
tendinous intersection of the usual dimensions, and the absence of any 
“pulley-strap” of deep cervical fascia was satisfactorily determined ; the 
whole muscle was overlaid uniformly with fascia. The nerve supply came 
from the ansa hypoglossi intwo branches. ‘The lower portion of the muscle 
passed forwards and upwards and blended with the lateral border of the 
sternohyoid. Its fibres, spreading fanwise as they joined that muscle, 
were traceable in the superficial part of the common mass upwards to the 
level of the thyreoid cartilage and downwards to the posterior border of the 
inner end of the clavicle. There was no tendinous intersection present. 
The deep cervical fascia passed as fascia from the upper to the lower 
muscle, but its distal attachment was destroyed.. The nerve f the lower 
muscle arose from the ansa hypoglossi. 

Left side—The omohyoid was represented by the lower portion of the 
opposite side, being strictly comparable in origin and insertion, position 
and nerve supply, to it. There was no tendinous intersection on the muscle, 
and the deep cervical fascia investing the muscle contained no muscular 
fibres in its distal extension behind the clavicle. 

The duplication of the omohyoid of the right side is described by 
le Double, in his volume on muscular variations, as found once by Koster ; 
while the condition of the left side is one of the more common variations 
of this muscle. 

Costo-scapularis—This muscle was present on each side, and lay 
proximal and dorsal to the normal subclavius. It. arose from the first 
costal cartilage just beyond the costo-chondral junction, immediately 
proximal to, but distinct from, the origin of the subclavius. It was 
inserted on the cranial border of the scapula, ventral to but extending 
further medially than the origin of the omohyoid mass. The fascial sheath ~ 
of the muscle, which was preserved on the left side, was directly connected 
with the investing sheath of the omohyoid. The muscle nerve, found only 
on the left. side, arose from the nerve to the subclavius, which perforated 
the muscle after branching to supply it. 

CasE 2.—Tensor fasciw cervicis—This rather rare muscular anomaly 
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was present on the right side of an adult male subject which presented no 
further muscular variations. ‘The muscle in this instance (fig. 2) corre- 
sponds almost exactly with the account originally furnished by Hallet. 
It was a small supplementary muscle placed immediately distal to the 
posterior belly of the omohyoid, arising ventral to the omohyoid from the 
base of the coracoid by a delicate but distinct aponeurotic tendon. Its 
insertion was mainly into the fascia overlying the carotid artery and the 
‘jugular vein, but a number of its fibres were continued into the anterior 
belly of the omohyoid. The muscle was innervated by a special branch of 
the ansa hypoglossi. — 

CasE 3.—Costo-mandibularis.-This muscle was present on the right 


side of an adult male subject. The posterior belly of the omohyoid arose 
from the dorsal surface of the conoid ligament, and passed medially to be 
inserted into a tendon quarter of an inch broad, which occurred in an 
anterior costohyoid belly, and was situated lateral to and on the same 
level as similar intersections on the sternohyoid and sternothyreoid 
muscles (fig. 3). Inferiorly the costohyoid belly was attached to the first 
costal cartilage by muscle fibres which formed a bundle quite distinct 
from the sternoclavicular origins of the sternohyoid and sternothyreoid 
muscles. The cranial portion of the muscle (corresponding to the anterior 
belly of the normal omohyoid) passed forwards parallel to the medial 
muscles. About one-half of its muscular mass was attached to the hyoid 
bone, while the lateral half passed upwards, dorsal to the mylohyoid, to 
find insertion on the mandible. The nerve to the mentohyoid portion of 
the mass arose from the trunk of the hypoglossal nerve immediately beyond 
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the nerve to the thyreohyoid; while to the other parts of the muscle there 
were distributed three branches from the descendens hypoglossi. 

The duplication of the insertion of the anterior belly of the omohyoid, 
although found in some lower forms, is seemingly extremely infrequent. in 
the human subject. We may regard the source of its nerve supply as 
sufficient to distinguish the mentohyoid portion from the more common 
conditions—separation of parts of the mylohyoid or of the anterior belly 
of the digastric. The costo-mandibularis would represent, then, the whole 
length of the rectus system of the cervical region. 

In contrast to the Gegenbauer view of the morphology of the posterior 
belly of the omohyoid—as being a lateral displacement of part of the 
cervical-occipital rectus mass,—there is the opinion of Humphry (Observa- 


tions on Vertebrate Myology) that this muscle is part of the anterior limb 
musculature. According to Humphry, the superficial portion! of the deep 
brachio-cephalic stratum of the ventral musculature which passes to 
the scapular and coraco-clavicular elements of the shoulder girdle is the 
cervical representative of the internal oblique layer of the thoraco-abdominal 
wall. This element of the limb musculature (continuing the reference to 
Humphry) resolves itself into two groups of muscles: those passing to the 
girdle (the scapula) above the glenoid cavity, the costo-scapular or serratus 
group, prolonged into the neck as the levator scapule and the omohyoid ; 
and those passing to the girdle (the coracoid) beneath the glenoid cavity, 
the sterno-costo-coracoid group, represented by the subclavius or by the 
sterno-costo-scapularis when the coracoid or the coracoid and clavicle, 
respectively, are abortive. The morphology of the omohyoid described by 

1 Anteriorly, towards*the median line, the more deeply placed cephalic part of the deep 


brachio-cephalic stratum is continued forward to the hyoid, tongue, and jaw, as the sterno- 
hyoid, hyoglossus, and geniohyoid muscles. 
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Henle, in that he regarded the posterior belly as an anterior digitation of 
the serratus anterior, and the anterior belly as a delaminated part of the 
anterior rectus mass, is in substantial agreement with the conclusions of 
Humphry. In Cryptobranchus, further, in the descriptions of the per- 
manent condition furnished by Humphry and by Albrecht, the omohyoid 
exists as a laterally placed muscle passing forwards and medially to join 
in superficial fusion the medial and deeper antero-posteriorly directed 
rectus system. 

It seems possible, therefore, to regard the human omohyoid as a 
compound muscle: composed of an anterior part, the sternohyoid, part of 
the anterior rectus system, and a posterior part, radiating laterally from the 
rectus mass, a “ recto-scapularis,” belonging to (in the sense of deriving its 
substance from) a persisting more lateral part of the same sheet, but which 
is primarily assuciated with the proximal musculature of the limb. These 
two parts, when in association, form a functional unit, and regression of the 
primary inferior attachment of the anterior belly occurs. This view would 
correspond with Fiirbringer’s extension of the Gegenbauer explanation 
(Festschr. f. Gegenbauer, Bd. iii.), in so far that he states that the posterior 
belly of the omohyoid is really homologous with the oblique muscle layers. 
In this case, and from the support afforded by the common relationship to 
the limb nerves and from the frequent association of the attachments of 
the two muscles in comparative anatomy and in aberrant human con- 
ditions, the posterior belly of the omohyoid might well be considered an 
anterior homologue of the subclavius muscle (v. Anderson, Dub. Jour. 
Med. Sci., 1881). 

On this interpretation it seems possible to classify the variations and 
aberrant muscles which occur in the interval between the lower border of 
the omohyoid (cervico-occipital) and the upper border of the subclavius 
(costo-coracoid), and of whose morphology there are conflicting opinions. 
In Protopterus this interval is occupied, or caused, by the pronephros; and 
the divergence of muscular type and the frequency of the variations met 
with in this area are expressions of the “ unstable” fixation of its boundaries. 
The coracoid or clavicular attachment of the posterior belly of the omo- 
hyoid present in some animals, and at times in man, would represent, in 
most cases, a medial expansion of the oblique lateral sheet; and aberrant 
forms may be presented, in the failure to join the anterior belly, in the 
tensor fasciz cervicis (coraco-cervicalis of Krause), the cleido-cervicalis 
(Testut), and the sterno-clavicularis (Hyrtl) and its allied forms? The 
supraclavicularis proprius (Griiber), on the other hand, though often pre- 


1 By some writers these muscles have been regarded as detached portions of the sub- 
clavius system. 
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senting the same attachments as the sterno-clavicularis, would be grouped 
with the costo-scapularis as belonging to the subclavius system. 

The anomalous muscles reported above in Case 1 would be referred, in 
the first place, to the two divisions of the brachial part of the brachio- 
cephalic stratum. The levator clavicule would be associated with the 
levator scapule (as is done by Griiber, Eisler, and Theile, though not by 
others) in the supraglenoid group, and the costo-scapularis would form 
part of the sterno-costo-scapular group; and with these variants of the 
anterior border of the brachial stratum there are associated those of the 
omohyoid, the distal border of the lateral brachial part of the cervico- 
occipital mass. 











THE REDUCTION OF THE MAMMALIAN FIBULA. By TxHomas 
Watms-ey, M.D., Senior Demonstrator of Anatomy, University of 
Glasgow. 


In most. mammals the tibia has tended to become the sole medium of weight 
transmission between the femur and the tarsus, and the mobility of the leg 
bones on each other has not survived the requirements of stability. The 
fibula in most cases transmits little weight, and in a few species only does 
it articulate directly with the femur. The tibia, therefore, is constant and 
almost uniform throughout the series, while the fibula varies considerably, 
and usually exhibits different grades and types of reduction from what may 
be held to be its primitive form. 

I propose to distinguish three types of mammalian fibula, as a means of 
determining the principles involved in its variation. 

1. The distal end of the fibula is incorporated with the tibia.—This 
is the condition found in the existing Equide. The distal end of the 
fibula is fused with that of the tibia, and only a slight groove marks the 
original separation. It articulates medially with the talus, but there is no 
facetted surface for the os calcis. That the distal end of the fibula is really 
present is evident from the development of the bones; for, in young animals, 
though there is only a common epiphysis for both distal extremities, in this 
epiphysis there are two separate centres of ossification. The proximal 
part of the fibula is usually present in this group as a stylet-shaped bone 
of varying size. This is bound to the lateral condyle of the tibia, and serves 
as an origin for the peroneus brevis (an extensor, Feche) muscle. The ossi- _ 
fication of the proximal representative of the fibula is from two centres, 
one for the head and one for the remainder of the bone (Chauveau). The 
proximal and distal elements of the fibula are not connected in the adult 
by sclerous or ligamentous tissue. 

We may regard this osseous incorporation and exogenous ossification of 
its distal element as the penultimate stage in the regression of the bone. 
The last stage of reduction would be the ossification of the fibular element 
from the tibial centre. 

2. The distal end exists as the os malleolare.—The condition present 
in most of the Artiodactyla is that the distal end of the fibula is separated 


1 Kowalewsky, Handb. 7. d. phys. Anat. a. Huuspattedyr., 1853. 
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from the tibia and represented by a special protarsal element, the os 
malleolare. This small oblong-shaped bone articulates with the talus 
medially and rests on the os calcis below; while proximally it obtains 
contact with the tibia by articulating with the under surface of the distal 
end of that bone. There isa small spinous process projecting proximally 
from the middle of its superficial surface. This separation of the fibula is 
an advance on the condition found among the Equide, but intermediate 
stages between the groups are represented in the giraffe, where there is a 
partial fusion, and in the chevrotain, where the fusion of the distal end of 
a more complete fibula occurs in the adult. The proximal part of the fibula 
is found as a small spur on the lateral condyle of the tibia and in osseous 
union with it. In young animals this process is completely free from the 
tibia, and is ossified from a separate centre. In the adult -a ligamentous 
band representing the diaphysis passes from this spur to be attached to the 
proximal process of the os malleolare. In the chevrotain the diaphysis is 
represented by a splint of bone, which in the elephant becomes vastly 
more massive. In both the fibula is complete, and articulates by its 
upper end with the tibial condyle, and would therefore be classed with the 
following group. 

3. The distal end of the fibula extends proximal to the protarsal 
joint.—This group, which comprises the majority of mammals, is repre- 
sented typically in Monotremes, Marsupials, Carnivora, Primates, ete. In 
Ornithorhynchus the leg bones are free throughout their length. The 
distal end of the fibula, which does not possess a malleolar excrescence, 
is bound by fibrous ligaments to the distal end of the tibia, and articulates 
with the upper surfaces of the talus and os calcis. The upper end extends 
as a broad process (peronecranon) proximal to the knee-joint on its lateral 
side. This apophysis is essentially a muscular process for the attachment 
of the muscles of the foot and toes: chiefly for the extensor-peronei muscles, 
but also for the fibular head of the soleus. It is derived mainly from the 
diaphysis, but is furnished with an epiphysis for its free border. A second 
epiphysis at the proximal extremity includes the surface which articulates 
with the lateral condyle of the tibia and to a certain extent also with the 
femur; and it is connected to the femoral condyle by fibrous ligaments. 

In most of the Marsupials the fibula is completely free; and though in 
some species (the saltatory) the leg bones are in close contact distally, fusion 
together is exceptional. By its distal end the fibula articulates with the 
os calcis and the talus. At its proximal end the fibula articulates with the 


1 Riige, ‘“ Untersuch. ii. d. Extensorgruppe d. Unterschenkel u. Fusse d. Siugethiere,” 
Morphr. Jahrb., Bd. iv., S. 601, showed that the absence of the lateral malleolus of the 
fibula in Monotremes depends on the fact that the peronei tendons do not run behind the 
malleolus but over the anterior surface of the bone. ‘ 
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tibia, and possesses the peronecranon process of the Monotremes in a lesser 
degree of development (parafibula, Bianchi). In the wombat this process is 
surmounted by a sesamoid bone, and in Petawrus taguanoides this sesamoid 
is attached to the fibular process (Owen). The resemblance of the Petaurus 
fibula to the Monotreme fibula is the more striking since the fibula in this 
species articulates with the femur. There is a difference, however, in the 
development of the parafibular process of the kangaroo and the perone- 
cranon process of the Monotreme; for while the latter is formed mainly by 
the diaphysis, the former is an outgrowth of the articular epiphysis, and 
comparable to the styloid process in the human subject. Both processes, 
the peronecranon and the parafibula, are for the attachment of muscles, but 
are involved in the attachment of different groups; the parafibular process 
gives origin mainly to those acting on the heel, in man to the soleus. 

Among the Eutherian mammals the fibula of this third type may be 
entirely free throughout its whole extent and then articulates with the 
lateral condyle of the tibia by its proximal end. Posterior to the arti- 
cular surface there is in many species a more or less blunted process 
projecting proximally. From this type of fibula, however, there is a 
series of modifications representing a regression towards and terminating 
in the condition present in the Equide. There is first a fusion towards 
the distal ends of the diaphyses,? eg. in Duplicidentata, though in the 
other rodents the bones are completely free: yet in both classes the 
bones of young animals are entire and separate. Reduction of the 
extremities may ensue. The Cheiroptera provide the necessary examples. 
In Molossus the fibula is complete and well formed, and both extremities 
are articular. In Rhinophylla the fibula is still complete and free, but 
throughout the greater part of its length it is filiform though osseous. 
The bone is less strongly developed in Vampyris, and only about half 
the length of the tibia, owing to distal diaphyseal fusion, while the 
proximal end is bound to the lateral condyle of the tibia by fibrous 
ligaments. This reduction is more marked in Megaderma, and reaches 
its maximum in Nycteris, in which species the diaphysis and the proximal 
end are incorporated with the tibia, and the distal end alone persists.* 
Although the fibula is liable to so marked a reduction in the adult animal, 

1 Wright, Proc. Anat. Soc., Journ. Anat. and Phys., vol. xxix. p. 30. 

2 Among some of the Edentata there is the anomalous condition of a fusion of both 
extremities with a free shaft, eg. in armadillo, where there is only one epiphysis for each of 
the combined ends. This separation of the diaphysis must be in association with the 
powerful muscle system of the foot arising from the fibular shaft. 

3 Dobson and others have stated that the fibula is completely absent in certain 
Cheiroptera ; but even in Nycteris, where the reduction is most marked, the part corre- 


sponding to the lateral malleolus is still present. V. Bronn, Klassen d. Thier-Reichs, Bd. vi., 
Th. 5, 8S. 598; and Weber, Dre Sdiugethiere, S. 110. 

















The Reduction of the Mammalian Fibula 329 


this reduction seems effected, at least in considerable part, in the course of 
individual development; for researches carried out by Bronn on the foetus 
show “that the fibula is completely laid down in a 17-mm. embryo 
(Synotus barbastellus), and is as long as the tibia and is half as thick, 
though in the adult it is ossified scarcely half as long and the upper end 
is represented by a ligament.” 

The above observations show that among mammals there has been a 
constant tendency towards the exclusion of the fibula from the knee-joint, 
and this reduction is associated with the disappearance of the rotatory 
movements of the foot. The absence of a fibula articulating with the 
femur has necessitated a lateral expansion of the tibial condylar surface. 
This expansion has been gained at the expense of the fibular femoral 
element, which, though present to some extent in the Monotremes and 
in the scansorial and gradatorial Marsupials, is not otherwise met with: 
the proximal extremity has in the higher mammals lost all significance 
as an articulating element—it is a muscular process only. From being 
a pressure epiphysis it has become merely a traction epiphysis. The first 
stage of reduction from the reptilian type of bone has occurred at the 
proximal extremity, and then the shaft is involved, but in its further 
reduction complete absence of fibula is not to be observed in any species— 
omitting, of course, the sea-inhabiting groups. The distal end of the 
fibula has been retained in one form or another in all mammals as an 
essential articular element in the protarsal joint. 

This difference of the articular values of the two ends of the fibula 
is not explainable simply on the bases of the exclusion of its upper end 
from the knee-joint and the loss of the rotatory movements of the foot. 
The underlying factor is to be found, I believe, in the examination of a 
related condition—the converse type of reduction and the converse arti- 
cular values of the extremities of the ulna. These two opposite forms 
of reduction depend on the same acting cause, the association of joints 
in action. In the fore limb the elbow-joint is associated with the shoulder, 
but in the hind limb it is the ankle-joint which bears the same relation 
to the hip. This difference of joint association in the fore and hind limbs 
was, so far as I know, first mentioned by Haughton! in his analysis of 
the action of the limb muscles: it can be determined equally well from 
the skeleton, especially of a typical pronograde mammal. The muscles 
of the elbow co-operate in action with those of the shoulder (as described 
also by Winslow), but it is the muscles of the ankle which act in association 
with those of the hip. The triceps bears the same relation, mechanically, 
to the latissimus and teres major in the fore limb that the gastrocnemius 
1 Haughton, Principles of Animal Mechanics. 
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group bears to the hamstrings in the hind limb (Haughton); and the 
olecranon has its analogue in the posterior extension of the os calcis. 

These considerations.seem to show that the essential part of the fibula 
is the lower end, and that the numerous modifications of this part are 
adaptations to the differences of the tibio-tarsal articulation, the form of . 
which depends on two factors: first, the presence or absence of lateral 
inflection movements of the foot, and second, the number of digits retained 
and the manner in which they functionate. The form of the distal end of 
the fibula is therefore defined by the nature of the movements of the foot, 
and influences in turn, at least in part, the form of the rest of the bone. 
For, in limiting lateral movement of the talus by its lower end (as will tend 
to occur in the lateral movements of the foot), it is a mechanical necessity 
of the laws of leverage—on which the desired limitation of movement 
depends—that the more proximal part of the fibula should obtain contact 
with the tibia. 

The proximal end of the fibula can only form a junction with the lateral 
condyle of the tibia. If, therefore, the diaphysis or the distal epiphysis is 
fixed, the fixed part of the fibula belongs functionally to the distal end 
of the bone, and the proximal end becomes then statically unnecessary 
and may undergo reduction. This extremity of the fibula, however, has 
retained, and in some cases advanced, its significance as a muscular 
epiphysis. The muscles attached to the fibula are those which effect the 
movements of the foot and its components, and these muscles vary directly 
in their numerical complexity, and therefore in the amount of osseous 
attachment necessary, with the multiplicity of the movements possible in 
that segment of the limb. The proximal extremity of the fibula may, 
therefore, be preserved as an osseous element independent of the distal 
end, or it may complete the fibula by a distal extension as ligament, 
but the distal end must, in these cases, have become fixed to the tibia; or 
it may be preserved in bony form for the attachment of muscles, as must 
happen in a foot with the full complement of digits, or even undergo 
a proximal enlargement peculiar to itself for the further attachment 
of specialised muscle groups, as in Monotremes, Marsupials, and Man, and 
then serves as the proximal tibial fixation of the distal end. But “it is to 
the prehensile power of the foot that the modifications of the fibula chiefly 
relate ” (Owen). 

The human fibula is, compared with the other limb bones, anomalous 
in its development, in that its epiphyses do not conform to the “law of 
epiphyseal ossification.” On.comparison with the corresponding tibial 
centres it is found that it is the centre of the upper end that is at fault in 
the lateness of its appearance. The diaphyseal centre of the fibula and 
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the centre for its lower epiphysis are homologous with the corresponding 
tibal centres, both in time of appearance and in their time of union with 
one another. In the upper epiphysis of the fibula, however, we have a 
centre unlike the main centre of the upper end of the tibia; it is a centre 
of a muscular epiphysis—in fact a traction epiphysis, not a pressure 
epiphysis, in Parsons’ terminology. Its late appearance corresponds with 
the late appearance of other traction epiphyseal centres, but its tardy 
union with its diaphysis is probably due to the fact that it is bound by 
articulation to the extremity of the tibia at which growth is more active. 
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THE RELATIONS OF THE GLOSSOPHARYNGEAL NERVE AT 
ITS EXIT FROM THE CRANIAL CAVITY. By E. Joyce 
ParTRIDGE, M.R.C.S., L.R.C.P., Demonstrator of Anatomy, London 
School of Medicine for Women. 


ACCORDING to the recognised English and French text-books :— 

“The glossopharyngeal nerve occupies the antero-internal extremity 
of the jugular foramen. A little fibrous bridge separates it from the 
vagus and spinal accessory, and from the internal jugular vein, which 
occupies the outer part of the orifice.” 
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Fic. 1.—Vessels and nerves in the jugular 
foramen, seen from behind, with the 
posterior wall of foramen removed. 


“The inferior petrosal sinus ordinarily leaves the cranium mesial to 
the glossopharyngeal, to which it is immediately adjacent; beneath the 
jugular foramen it assumes the character of a vein, and crosses the 
anterior surface of the glossopharyngeal, as well as the vagus and spinal 
accessory, perpendicularly, before it runs into the jugular vein.” 

The above account is a translation from Porier’s Teat-book of Anatomy, 
and it is one of the most complete ‘and accurate descriptions of the relations 
of the glossopharyngeal nerve. 

As the result of an investigation of several cranial bases associated 
with their soft parts, and also from a study of a large series of the dried 
bones, I have, however, come to the conclusion that even this excellent 
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description is for the majority of cases not wholly correct. The inferior 
petrosal sinus in the jugular foramen separates the glossopharyngeal nerve 
from the vagus and spinal accessory; as in the accompanying diagram 
(fig. 1), which shows the vessels and nerves with the posterior boundary 
of the jugular foramen removed. 

Again, this portion of the course of the glossopharyngeal nerve is by 


Fig. 2.—Temporal bone, showing bony canal for ninth nerve. 


no means as simple as the text-books would lead one to suppose. From 
its superficial origin the nerve passes antero-laterally, lying beneath that 
portion of the choroid plexus of the fourth ventricle which appears 
beneath the foramen of Luschka. It is also covered by the flocculus. 
It lies upon the lateral portion of the occipital bone known as the jugular 
eminence, or eminentia innominata, upon which, as is well known, it 
usually produces a groove. Travelling directly towards the aqueductus 
cochleariformis, it is directed to the base of the pyramidal depression on 
the posterior surface of the petrous portion of the temporal bone. At 
the bottom of this depression the nerve bends at an acute angle, and 
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descends against the posterior surface of the petrous bone in a deep 
groove leading downwards from the pyramidal depression; and it is 
while in this groove that the nerve is separated from the vagus and the 
jugular vein by the inferior petrosal sinus, which is running downwards, 
backwards, and lateralwards, to empty itself into the jugular vein. 

While in the same groove, the nerve is hemmed in by a little bridge 
of fibrous tissue stretching across posterior to it; this little bridge of 
tissue is in about 25 per cent. of cases osseous, making a bony canal 
opening above just mesial to the aqueductus cochleariformis, and below 
at the inner end of the plate of bone which lies between the jugular 
fossa and the carotid canal. This bony canal for the exit of the ninth 
nerve is, in-some degree of development, a very noteworthy feature of 
the base of the skull; but, so far as I am aware, it has escaped description, 
except for a brief mention in the tenth edition of Quain’s Text-book of 
Anatomy, the later edition and all other text-books completely ignoring 
the point. 

Fig. 2 shows the canal as it frequently appears upon the temporal bone. 

























MULTIPLE ANOMALIES IN A HUMAN HEART. By HeErnAn1 
Bastos MonTEIRO, Assistant in the Anatomical Institute of the 
Faculty of Medicine of the University of Oporto. 





THE heart which I propose to describe presents a series of anomalies. The 
foramen ovale is open; there is an interventricular foramen; a malforma- 
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tion of the pulmonary valves is present; there are also remnants of the 
valves between the sinus venosus and right auricle. The specimen—a heart 
of an adult—was one of a number received for dissection. Its clinical 
history is unknown. 

As seen in fig. 1, the arteria pulmonalis has only two sigmoid valves: 
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one of them, the larger, is situated before and somewhat to the right; and 
the second, of smaller dimensions, is to be found behind and a little towards 
the left. After having spread out the arteria pulmonalis, which measured 
7-1 cm. in circumference, I found that the anterior sigmoid valve was 4 cm. 
long on its free border, and its greatest height—the distance between the 
free border and the adherent one—being 1°8 cm. Examination shows that 
this sigmoid valve is formed by the fusion of the anterior and the right 
posterior (fig. 2). Thus the free border presents, as the illustration indi- 
cates, four lunule instead of two, and two Morgagni’s nodules. This 
border is thickened at the point corresponding to the union of the two 
sigmoid valves. From the adherent border and the parietal aspect of this 
valve arise two fibrous cords, which reunite and then continue in a sort of 
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raphé along the wall of the arteria pulmonalis, thus separating two sinuses 
of Valsalva, which are very distinct in this specimen. This arrangement 
is illustrated in fig. 2. 

The part of the anomalous valve which corresponds to the anterior 
sigmoid valve is larger than the one corresponding to the right posterior. 
Thus, of the free border only 1:7 cm. belongs to the latter, whereas 2°3 cm. 
belongs to the former. The aforesaid greatest height of 1°8 cm. corresponds 
to the medial part of the anterior sigmoid valve; the posterior measures 
but 1:5 cm. in height at its medial part. The second valve corresponds to 
the left posterior sigmoid valve. Its lunule are rather indistinct. It 
measures 3'1 cm. along its free border; its greatest height is 18cm. The 
height is greatest at the medial part of the valve. The aortic valves 
are normal. 

In the right ventricular cavity there is a tendinous cord, which arises 
from the “innominate fasciculus” and becomes attached to the free border 
of the anterior valve of the tricuspid (fig. 1). 

The interventricular orifice is situated in the pars membranacea (fig. 3). 
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This orifice measures 3 mm. in height. It is continued backwards by a 
sort of furrow, which is bounded on the inferior part by the pars muscu- 
losa of the septum. The orifice on the right side is concealed by the 
internal valve of the tricuspid. 

In this heart both the fossa and annulus ovalis are very distinct. The 
orifice in the left auricle is seen in fig. 4; it has the form of a vertical cleft, 
measuring, on the side of the left auricle, 1-4 cm. in height. On this side 
the membrane of the fossa ovalis has the form of a crescent, with its 
concavity turned forwards. The membrane forms a complete valve to the 
orifice, and thus, during life, prevents passage of blood from the left to the 
right auricle. 





The reticular formation of the right auricular cavity is shown in fig. 5. 
It spreads like a net from one wall of the auricle to the other. It becomes 
attached on the right to the crista terminalis. On the septal side the 
reticulum is attached to the orifice of the inferior vena cava and the sinus 
of the great coronary vein, corresponding at these points to the Eustachian 
and Thebesian valves. This anomalous formation, which extends downward 
and from the right to the left, divides the right auricle into two portions : 
the one supero-internal, into which the venee cave and the coronaria flow ; 
the other infero-external, which communicates with the right ventricle 
through the auriculo-ventricular orifice. 

We have to deal here with the persistence in an adult of an embryonic 
disposition of parts. The reticulum represents vestiges of the separation 
between the sinus venosus and the primitive auricle. The reticulum is 
formed by three different portions. At the medial part there springs 
VOL. LII. (THIRD SER. VOL. XIII.)—APRIL 1918. 23 
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from the external to the internal wall of the auricle a sort of musculo- 
tendinous ribbon. This ribbon, which is 4°3 em. long, measures 0°6 cm. in 
width at its medial part. From its anterior border arises a tendinous net, 
and from the posterior another, the latter being more developed than 
the former. These nets are inserted on the crista terminalis. On account 
of their irregularity it is impossible to give a minute description of them. 
One can form a better idea of it by examining fig. 5. 

Professor Pires de Lima (2) has described a pulmonary artery having 
but two sigmoid valves, as well as an aorta with only two valves. 





Fig. 4. 


There are many records of observations of numerical anomalies of the 
aortic and pulmonary sigmoid valves (3 to 11); however, according to 
Martinotti’s and Sperino’s opinions (12), “non sono di comune frequenza,” 
therefore such cases as this one “sono sempre interessanti per lo studioso.’ 
M. Lucien and A. Harter (13) say that the anomalies of deficiency have 
especially been noticed at the aortic orifice, and very exceptionally in the 
arteria pulmonalis. : 

In the Museum of Pathological Anatomy of the University of Coimbra 
(14) four specimens with persistence of the interauricular foramen are to 
be found; and Henrique Parreira (15) has described a specimen “ which, 
however, would not have permitted the mixture of the blood.” 

According to published observations (16 to 25), the interauricular com- 
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munication may be made through a single orifice or through several, and 
may be found on a level with the fossa ovalis or, which is much rarer, 
quite independent of it. The communication may be owing to absence of 
the interauricular septum (26). 

The communication between the two ventricles may be due to the want 
of the interventricular septum or to the presence of a single open orifice 
either in the pars membranacea or in the pars musculosa (27 to 30). 
Generally, other anomalies of the heart or of the great vessels are 
associated with it. 

Henrique Parreira and Geraldino Brites (31) have described two cases 
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of perforation of the interventricular septum. In one of them (a child one 
year old) there was a cleft in the muscular tissue of the septum; in 
the other (a dead subject, 1:1 metre high) there was a communication 
in Alvarenga’s space. Professor Thiago d’Almeida (32) has published 
clinical observations on cases of perforation of the interventricular septum 
diagnosed by him. 

Among the books I could consult, I only met with references to 
reticular formations in the right auricular cavity in two numbers of the 
Journal of Anatomy and Physiology and in the Bibliographie anatomique. 
W. Turner (33) has. described a specimen in which there was a fenestrated 
valve at the mouth of the vena cava superior, and another in the vena 
cava inferior, united by a fibrous cord. And he adds: “Two other human 
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hearts also are referred to in which a fibrous cord extended from the 
Eustachian valve, along the right posterior wall of the auricle, almost as 
far as the mouth of the superior cava.” Is this fibrous cord His’s crista 
terminalis? At that date this formation had not yet been described, His’s 
works being later (1885). In Turner’s opinion the reticular formation 
would represent the right segment of the large double muscular valve 
found at the opening of the sinus venosus in the heart of the bird. 
Robert B. Thomson (84) has described two large, cribriform Eustachian 
valves found in adult hearts. These formations were well developed, 
especially in one of the specimens, in which they might be described as 
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“like a spider’s web stretched out so as to occupy a position in rather more 
than the lower half of the right auricle.” These webs were attached in 
such a manner that “their attachment corresponded accurately to a large 
part of the line of demarcation between the right part of the sinus venosus 
which is absorbed into the auricle and that part of the auricle which arises 
from the auricle proper.” In each of the specimens described by R. Thomson 
there was a foramen ovale. 

A. Weber (85) describes two reticular formations he met with in the 
heart of a woman 70 years old. One of them was extensive, whereas the 
other was very small. The former extended from the superior and posterior 
part of the auricle as far as the inferior and anterior part of the interauricular 
septum, its insertions corresponding to the crista terminalis. The latter 
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reticular formation was a little net situated on the posterior border of the 
fossa ovalis and which became lost in Vicussens’ annulus. In this heart 
the membrane of the fossa ovalis had several perforations, which established 
the communication between the two auricles. 

This author says: “ Les formations réticulées d’apres Chiari ne seraient 
pas tres rares; malgré cela, tres peu d’auteurs les ont signalées”; and he 
quotes Rokitansky’s, Przewosky’s, and Chiari’s observations. 

Weber thinks this formation may be derived either from the venous 
valve of the sinus reuniens alone, or, as in the case he describes, from these 
valves and also from the septa of the sinus. 

Sometimes in the right auricle reticular formations are to be found, 
of slight development, such as the small net shown in fig. 6, which represents 
a specimen in the Museum of the Anatomical Institute of the University 
of Porto. It is probably to a formation like this that Greenfield (25) 
refers; but the engraving which accompanies the article of this author 
being rather indistinct,.one cannot obtain an exact idea. 
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MUSCULAR ACTION. By W. Cotin Mackenzie, M.D., 
F.R.C.S.Ed., Melbourne. 


IN army medical circles the view is held that, of the wounded men return- 
ing from the French battlefields in the Great War, some 65 per cent. are 
of an orthopeedic nature. Whether the injury be one of muscle, bone, joint, 
nerve, or central nervous system, the lesion is of a nature in which the 
question of muscular function becomes of prime importance for purposes of 
treatment. The war has demonstrated that much more attention should 
be paid to the teaching of myology than heretofore. Of one thing we can 
be certain, the teaching of muscle function—the all-important factor— 
cannot be satisfactorily carried out in the dissecting-room alone. In the 
dissecting-room the greatest attention should be paid by the student to the 
insertion of muscles. Without an accurate knowledge of muscle insertion 
there cannot be an accurate knowledge of muscle function. 

A muscle fibre has the double physiological property of contraction and 
relaxation, 7.e. the property of increasing or diminishing the tension within 
itself; but the fibre has not the property of voluntary elongation. A relaxed 
muscle depends on the contraction of its opponent for its elongation. Thus 
each muscle is a reciprocal elongator of its opponent, and when we use the 
term “muscular action” we are not speaking of the single action of muscle 
contraction but of a double action, viz. contraction and shortening of the 
muscle producing the desired effect on the centre of motion, and relaxation 
and elongation of its opponent. 

Just as important as a knowledge of the action of a muscle itself is a 
knowledge of the action of its opponent. In text-books, opponent muscles 
should be specifically stated. The statement that fifteen external rotators 
of the hip, including such powerful engines as the psoas and great gluteus, 
are balanced by one muscle and part of another can be no longer tolerated. 
The student, when studying the action of a muscle, should study the action 
of the opponent as well, because of the importance of the opponent in the 
treatment of lesions of nerves, muscles, and joints. Thus, in cases of 
weakness or paralysis of the deltoid he should associate the opposing ad- 
ductor, viz. the pectoralis major, with the deltoid. He should recognise 
that there can be no recovery if the opposing pectoral is allowed to contract, 
and should immediately guard against its occurrence. 
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A muscle cannot be in a state of relaxation and contraction at one and 
the same time. Contraction and relaxation are two opposite physiological 
states. A muscle cannot be at one time an extender and a flexor as is 
described in the case of the interossei and lumbricales of the hand. If we 
flex the two interphalangeal joints, the interossei (the extenders) are relaxed 
to allow of the contraction of their opponents and reciprocal elongators, 
viz. the sublimis and profundus. Yet, holding these joints flexed, 7.c. with 
the interossei out of action as contractors, we can flex readily at the meta- 
carpo-phalangeal joint. This is performed by the lumbricales owing to, the 
relaxation of the physiological antagonist, viz. the extensor communis. 
The lumbricales flex at the metacarpo-phalangeal articulation, the interossei 
extend at the interphalangeal articulations. 

A muscle is rested when its opponent is in a state of relaxation and 
elongation beyond the state normally regarded as necessary to produce a 
condition of equilibrium with its opponent. Thus, if we regard the state of 
equilibrium between the pronators and supinators of the forearm as that of 
mid position, then the forearm must be oversupinated to rest the supinators 
and overpronated to rest the pronators. Too much stress cannot be laid 
on the wight method of giving rest to muscle. It is essential to the 
recovery of nerve injury or nerve disease. In a median nerve injury the 


position of rest would be flexion of the elbow—overpronation of the fore- 
arm—flexion of the wrist, the thumb flexed across the palm, and flexion of 
the fingers. The latter is most convenient although the inner lumbricales 
and profundus tendons are supplied by the ulnar nerve. In a case of 
weakened deltoid, whether from direct injury, injury of nerve, or polio- 
myelitis, such a condition as a hanging upper, extremity should never be 
seen. The arm should be immediately supported in an abduction splint. 





